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ADAPTIVE MODIFICATIONS OF OCCIPITAL 
CONDYLES IN MAMMALIA 


CHARLES 8S. MEAD 


HISTORICAL 


A NUMBER of papers have been written on the occipital condyles 
but they deal with them from either an ontogenetic or a phyloge- 
netic standpoint. Osborn (:00) has shown that certain of the 
mammals, such as Tachyglossus (Echidna) and Cercoleptes, pos- 
sess but a single tripartite condyle continuous across the median 
plane by a narrow bridge; that others, such as Lutra, have the 
condyles widely separated and that between these two extremes 
there are intermediate stages, showing thus that the ‘mammalian 
occipital condyles arose from a reptilian tripartite type by the 
reduction of the median basioccipital element and the expansion 
of the lateral exoccipital elements.”’ 

Gadow (:02), from a study of the anterior cervical vertebre in 
the various vertebrates, comes to the conclusion that “the original 
craniocervical joint must have been a paired one, formed by the 
lateral occipitals with their more or less serially homologous parts, 
the neural arches of the first free vertebra. A single condyle 
could be formed only after the centrum of the first vertebra had 
been withdrawn as the odontoid process, so as to let the neural 
arches and the ventral unpaired piece of the atlas... . form a cup.” 
Hence he reverses Osborn’s order and looks upon the ‘‘ monocondy- 
lar, essentially basioccipital knob, as the final outcome of evolution, 
independently arrived at by various groups of Sauropsida.”’ 

The origin of the condyles needs to be examined further from 
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this point of view, attention being paid especially to the “ proatlas” 
which Broom (:03) has described in Gomphognathus and 'Trira- 
chodon. It also occurs in the Rhynchocephalia and the Croco- 
dilia, and Broom predicts that it will yet be found in most of the 
primitive reptilian types. 

Fischer (:01) has shown that in the embryo of the European mole 
(Talpa europea) the lateral condyles are confluent around the base 
of the foramen magnum, while in the adult they are separate. He 
apparently supports Osborn’s position in the following sentence: 
“The most important thing to me is the fact that the configuration 
of the occipital joint in our mole occupies a sort of intermediate 
position between the mammals and the Sauropsida.” 

From a study of the chondrocranium of Lacerta agilis, Gaupp 
(:00) directly supports Osborn. He finds four craniovertebral 
connections: a dorso-median (the ligamentum apicis dentis), the 
two lateral corresponding with the lateral condyles of the mammals, 
and a ventro-median (the median basioccipital element of Osborn) 
which connects the two lateral parts in the Sauropsida, but which 
is lost in the mammals. However, he is mistaken in saying (p. 
493) that a direct articulation of the ventral part of the atlas with 
the ventral surface of the basioccipital is lacking in the mammals, 
for although such an articulation does not occur in the generalized 
forms, it does occur in some of the specialized, such as Cercoleptes, 
Gulo, and Taxidea. 


GENERAL ADAPTATION OF CONDYLES 


The object of the present paper is to point out the types of con- 
dyles found among the mammals and to give, so far as possible, the 
adaptive significance of the several types. 

Some 2500 skulls belonging to the American Museum of Nat- 
ural History and to Columbia University have been examined, and 
I wish to thank Professor Osborn for his help and suggestions 
which he has so willingly given. 

__ The occipital condyles are very important, since it is by them 

that the head articulates with the neck. The head can usually be 
moved freely in all directions, and in some animals is frequently 
subjected to great strains, and in order that it may not be dislocated 
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easily the condyles have become modified in various ways. After 
giving the various modifications I will attempt to correlate the differ- 
ent types with the habits of the animals, giving, so far as possible, 
a mechanical explanation for the unusual forms. 

They can only be understood in connection with (1) the atlas 
and axis and (2) the musculature of the occiput and neck. There 
is a mechanical balance of the ligaments and opposing muscles so 
that the head is held, with the least amount of effort, in its normal 
resting position. 

The degree of mobility is directly correlated with the curvature 
of the condyles, and to some extent with their sessile or peduncu- 
late position (Fig. 12,a and d). The sessile condition never occurs 
except when the neck is short. When the head can be turned 
through a large arc the condyles are strongly curved and peduncu- 
late. This is beautifully shown in the birds, in which the single 
median condyle is pedunculate and hemispherical, an arrange- 
ment that permits free motion in all directions. Fig. 12, e, shows 
a sagittal section through a hawk’s condyle and } a transverse sec- 
tion. The transverse diameter of the two condyles together is 
always greater in the mammals than the fore-and-aft diameter. 

There are three ways of moving the head: up and down, side- 
ways, and in a torsional or twisting manner. Among the mam- 
mals, the movement up and down occurs mostly between the atlas 
and the skull. The torsional movement is mainly between the 
atlas and the axis, the odontoid process acting as a pivot around 
which the atlas revolves. ‘To move the head sideways all the 
cervical vertebree come into play. 


TRANSITION BETWEEN MONOCONDYLIC AND POLYCONDYLIC 
CONDITIONS 


The monocondylic tripartite and dicondylic conditions are well 
illustrated in Osborn’s paper (:00), the dicondylic condition being 
derived from the monocondylic by the reduction of the median 
element. 

But reduction does not always occur in the median plane. In 
some specimens of Gulo the condition is monocondylic (Fig. 4), 
while in others reduction has taken place, not in the median plane, 
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but at some distance each side of it, producing a tricondylic con- 
dition. This third condyle (Fig. 6, b), articulates with the basal 
part of the atlas when the head is bent downwards sharply, and 
may be known as the “median condyle.” In many mammals the 
odontoid process is long and when the head is thus sharply bent 
upon the neck, the process comes in contact with the basioccipital 
producing” a facet (Fig. 6, a), 
which we will call the “ odontoid 
condyle.” In the sea otter, Latax 
lutris (Fig. 7), the odontoid and 
median condyles have each been 
divided by a depression thus pro- 
ducing four accessory condyles or 
six altogether! 

This is a process of reduction, 
the articular faces increasing in 
number but decreasing in total 
area, possibly to be correlated 
with the manner of feeding and 
the character of the food, prin- 
cipally shell fish, the head and 
neck losing some of their mobility 
and not being subjected to such 
great strains as in the more car- 
nivorous forms. It is only com- 
paratively recently that they have 
Fics. 1-4,— 1, Echidna; 2, Putorius; 3, adopted their present habits, and 

with the reduction of the median 
the condyles prolonged forward, giving condylar area has not been car- 
a large area of articulation. All? nat-  , 
ural size. ried to the point of obliteration, 
since the atrophy of an organ 


always is slower than its development. 

Thus we may look upon the condyles of such a form as Erinaceus 
as representing a generalized type. Here they are separated by an 
interval equal to one half the diameter of one of them, they are 
uniformly curved throughout and not prolonged forward, nor are 
they noticeably sessile or pedunculate. 
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ADAPTATION TO CARNIVOROUS HaBITs 


As the animal became more carnivorous in its diet, capturing 
larger animals, the condyles became larger and stronger, extended 


Fias. 5-9.— 5, Canis; 6, Taxidea; 7, 
Latax; 8, Tatusia; 9, Lepus. Types 
with divided condyles. a, odontoid 
condyle; b, median occipital condyle. 
All ? natural size. 


forward, became approximated, and 
finally fused, forming a type with a 
large condylar area (Figs. 4 and 5). 
Later, as the animal gave up its habit 
of capturing large prey and took to 
feeding on smaller animals, the 
condylar area suffered reduction, 
since such strong condyles were not 
needed, the reduction occurring first 
at each side of the median line (Fig. 
6), and later in the sagittal plane 
(Fig. 7). 

Thus we get a type with the lat- 
eral condyles widely separated and 
poorly adapted for fighting. If, 
from the generalized type, the 
animals have adopted habits requir- 
ing little or no fighting, and feeding 
habits requiring no great develop- 
ment of the neck muscles for pulling 
and tearing, the condyles never 
acquire a large articulating area, but 
remain small and tend to become 
further separated from each other, 
as in Homo and Tatusia. In both 
of these, the ancestral forms have 
the condyles approaching an Erina- 
ceus-like type. 

In the early ungulates (Panto- 


lambda, Phenacodus, Hyrachyus, etc.) the condyles are of a gen- 
eralized type, while in some of the later forms (Ovis, Camelus, 
Equus) they are highly specialized, being large, and having a 
peculiar shape. This has probably been brought about by their 
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manner of fighting among themselves, and will be discussed far- 
ther on. 

The position of the head upon the neck has a great deal to do 
with the direction in which the condyles point, whether straight 
backward, as in the cetaceans, or downward as in man. 


ARRANGEMENT OF CONDYLES IN DIFFERENT ORDERS 


Monotremata.—The condyles are very thick and rounded (Fig. 1). 
The odontoid process is long and has a broad basioccipital facet, 
which, at the sides, may or may not be confluent with the lateral 
condyles, this being an individual variation. 

Marsupialia.—'The condyles are, as a rule, pedunculate and 
strongly convex, and often widely separated. In Didelphys and 
Dasyurus there is a slight tendency to bridge over the basioccip- 
ital, while an odontoid facet occurs in a few. 

Insectivora.— In the burrowing forms, Scapanus, Scalops, and 
Talpa, the neck is very short and the condyles large and sessile, 
and extended slightly forward, due to the sessile condition and 
relatively large size. The odontoid process is long, articulating 
with the basioccipital. In the less specialized forms, such as Eri- 
naceus, the condyles represent a very generalized type. 

Cheiroptera.— All the bats have the condyles separated; usually 
widely so in the Microcheiroptera, where they are sessile. In those 
forms that carry the head at right angles to the vertebral axis, the 
condyles point downward, as in man, while in the large Pteropus, 
they are directed backward. 

Edentata.— All the living Xenarthra have the condyles very 
widely separated (Fig. 8), but in Metacheiromys, an armadillo 
from the middle Eocene, they are nearly in contact ventrally. 

Rodentia.— Various conditions are met with among the rodents 
but none worthy of note except that in Lepus. In this form (Fig. 
9), the condyles are not only convex dorso-ventrally, but also trans- 
versely, their long axes being directed upward and outward. 

Carnivora.— The carnivores very often worry their prey, shak- 
ing their heads from side to side, and after it is dead, tearing the 
flesh from the body. In this latter process the head is sharply 
flexed upon the neck, so that any further ventral motion is stopped 
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by the ventral portion of the atlas coming in contact with the 
median condyle or with the anterior prolongation of the lateral 
condyles, and, since strong ligaments prevent any dorso-ventral 
motion between the atlas and the axis, any further strain in this 
direction will be thrown back upon the other cervical vertebre, 
where the processes and muscles are stronger and there is no dan- 
ger of dislocation. The anterior prolongation of the lateral con- 
dyles occurs only in the more strictly carnivorous forms. The 
median condyle and its separation from the lateral condyles is well 


_shown in the Mustelide (Figs. 2-4, 6, and 7). The lateral con- 


dyles are usually prolonged forward in the Canide and Hyzenide, 
and these, together with the Mus- - 
telidze, feed in a standing position, ses 
not in a crouching position as do 
the others. 

Cetacea.— All have short necks 
with a tendency for the cervicals 
tofuse. Thecondyles face direct- 
ly'backwards. Inall recent forms 
examined the condyles were ses- 
sile and only slightly convex (Fig. 
12, a). In the Miocene forms 
(Argyrocetus, Hypocetus, etc.) 
the condyles were somewhat pe- 
dunculate and strongly convex; 
they had long flexible necks and Figs. 10-11.—10, Camelus; 11, Ovis. 
the head was easilv turned ascon- Ungulate types with the condyles pro- 

longed forward. Both natural size. 
trasted with the living cetaceans. 

None of the ungulates has a median condyle, nor an odontoid 
facet upon the skull, nor are the condyles ever confluent ventrally. 

Perissodactyla.—'The horses always have the condyles pro- 
longed forward, and they are sometimes slightly concave antero- 
posteriorly at their forward ends. 

Correlated with the downward extension of the condyles is the 
folding over of the condylar articular surface of the atlas onto 
its anterior face. The tapirs parallel the horses. Neither the 
titanotheres nor the rhinoceroses have the condyles prolonged 
forward. 
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Artiodactyla.— All the horned rumi- 
nants have the condyles extended for- 
ward and broadened out and curved 
downward at their anterior ends. Cor- 
related with this, as in the horses, the 
articular surface of the atlas is extended 
downward on its anterior face. In fight- 
ing, the head is bent downward so that the 
points of the horns will project forward 
towards the foe. In this position the head 
interlocks with the atlas so that when 
the two animals come together with a 
rush, there can be no dislocation. 

The atlas and axis are firmly bound 
together by ligaments, so that the force 
of the impact is thrown back upon the 
body and posterior cervicals where there 
is no danger of a dislocation as there is 
no sharp flexion. Fig. 12, h and 2, 
cross sections of the condyle and atlas 
of the aoudad (Ovis tragelaphus), shows 
how the two are reciprocally curved at 
their ventral ends. The dotted line of 
Fig. 11 shows where section h was taken. 
A similar condition occurs in the hornless 
females and in the camels and _ horses. 
The females of the horned forms have 
probably inherited this peculiarity from 
the males; no reason is known for its 
occurrence in the camels and horses. 

Primates.— In the lemurs the condyles 
point backward while in the Anthropoidea 


Fic. 12.— a, Monodon; b, Homo; c, Dasyurus; d, Rhinoceros; e, Archibuteo, 
sagittal section; f, transverse section of same; g, Camelus; h, Ovis trage- 
laphus; i, section through atlas{of same. Sections through the left condyle 
from the median aspect showing the antero-ventral portion to the left and 
the postero-dorsal to the right. The dotted lines in Figs. 10 and 11 show 
where sections g and h were taken. Fig. 12, 7, a section through the atlas that 
would be opposite section h in its natural position, shows how the condylar 
articular surface is curved over onto its anterior face. All drawn the same 
size for comparison. 
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they are usually placed under the cranium and directed downward. 
They are always widely separated, except in some of the lemurs. 
Occasionally the odontoid process articulates with the skull (Homo, 
Cercocebus, some lemurs); no median condyle occurs. On the 
median part of the condyles there is usually a depression, which 
in some forms becomes a sharp notch. 

In some of the mammals (Hyena, Tragulus, Equus, Ovis, Came- 
lus, Figs. 10,11, and 12, g), the articular surface of the condyles, 
instead of having a continuous curve, possesses a ridge running 
obliquely outward and upward from about the middle of the inner 
border of the condyles. No explanation is offered for this peculiar 
condition as it apparently reduces the efficiency of the condylar 
articulation. ‘The habitual position of carrying the head, and its 
direction with reference to that of the atlas, will probably offer: 
some explanation. 
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LIVING AND FOSSIL SPECIES OF COMPTONIA 
EDWARD W. BERRY 


INTRODUCTION 


WHEN we find a genus which is monotypic in the existing flora, 
or one which contains but two or three geographically remote 
species, we may rest assured that the genus in question had an 
interesting geological history, and that its living representatives 
are relicts of a day when the genus was widespread and dominant. 
Notable examples, such as Liriodendron, Sequoia, and Nelumbo, 
may be cited. Comptonia is no exception to this rule. The single 
living species is confined to eastern North America, ranging as a 
low shrub from Nova Scotia to Manitoba and southward to North 
Carolina, Indiana, and Tennessee, while the number of ancient 
forms that have been described, is upwards of three score and 
amply proves the cosmopolitan character of the genus during the 
Tertiary period. 

Recent paleobotanists refer them as a subgenus to Myrica, as 
is done in case of the living species by Engler (Natiirlichen P flan- 
zenfamilien, vol. 2, pt. 1, p. 28, 1889). Modern usage in this 
country, however, gives Comptonia generic rank, quite rightly so 
it seems to me. 

The space of a generation has passed since Schimper’s classic 
Traité de Paléontologie Végétale sought to unify paleobotany, and 
the chaos of described species is even greater to-day than it was 
previous to 1870. Paleobotany is surely far enough advanced, 
it seems to me, for a more philosophical treatment, and while this 
little essay makes no pretension at embodying such a treatment, 
it is hoped that it will furnish the material that will be useful for 
that purpose when the proper time arrives. 

It is obvious enough to most botanists that existing species vary 
in their leaf characters through very wide limits. I have had con- 
siderable to say about the leaf variation, atavistic and otherwise, 
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of Liriodendron and Sassafras, and the same variability is true of 
that most interesting relic of bygone days, the Ginkgo; while 
numerous instances of similar variations in other genera could 
be cited. For a number of years I have been engaged in collect- 
ing leaf specimens to illustrate this variability in a number of 
genera, and I find this task to be a never-ending source of interest 
in addition to the invaluable data which it furnishes for the 
understanding of earlier floras. 

If it be objected that the consideration of geographically widely 
removed forms as identical leads only to confusion, the answer is 
—a consideration of the variability in the living Comptonia, the 
unmistakable proof in its present and past distribution of its wide 
range, coupled with the tendency to call a certain form by a cer- 


tain name because it is like a form perhaps wrongly named by 
Brongniart or Heer or Lesquereux, without a very serious con- 
sideration of the generic affinities, in fact it can scarcely be said 
that we have any generic limits in a host of Mesozoic and Neo- 
zoic genera; all these tend to discredit specific distinction based 
on geographical remoteness. 

These considerations lead me to think that the present is not 
an inopportune time for an attempt to work out the relations of 
such forms as may be referred to Comptonia, and to see if even a 
little light cannot be shed on their history. And at the same time 
to reduce the number of species (so called), often based as they 
are upon irrecognizable fragments. Surely several score of spe- 
cies, some entirely inadequate, leave room for more confusion 
than slight errors in the opposite direction. The forms here con- 
sidered as identical all show such slight variations as would not 
be considered for a moment were we dealing with leaves in the 
existing flora. 


THE SUCCESSION OF Forms 


Comptonia branched from the Myrica stock, most probably 
during the lower Cretaceous. Its original home was in all prob- 
ability in the greatly extended lands of the semitropical or 
warm temperate Arctic region, although the earliest known speci- 
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men from that region is from the Cenomanian of Greenland (Atane 
beds). One of the first floral migrations southward during the 
Mesozoic was along the Atlantic coastal plain, which at that time 
was possibly continuous along the northeastern coast of America 
from Greenland south. ‘Traces of this ancient coastal plain are 
said to have been found off the present New England coast, and 
the difficulties of accounting for the remarkable similarities in 
the Cretaceous flora of Greenland and that of the Atlantic coastal 
plain seem insurmountable unless we predicate some sort of a 
direct land connection, so that floral distribution tends to fur- 
nish support to Suess’s theory as to the origin of the Atlantic ocean. 

The Myricas were a prominent element in this Mesozoic migra- 
tion, a single species being recorded from the lowermost Creta- 
ceous of Virginia. In strata of approximately Albian age (Raritan, 
etc.) there are ten species of Myrica, and at this time occurs the 
earliest known Comptonia, in the Raritan of New Jersey. 

The resemblance of this and other primitive Comptonia leaves 
to those juvenile and atavistic leaves of the modern species is dis- 
cussed in a later portion of this paper. 

That Comptonia is derived from Myrica, aside from the mor- 
phological and other evidence furnished by a study of existing 
species, seems probable (1) from the fact that it originated among 
an abundant display of Myrica species some of which preceded 
it in time, (2) from its progressive increase in the number of species 
and in their ever widening distribution up to the close of the 
Miocene, paralleling a like history for the genus Myrica, (3) the 
numerous leaf remains that have been found intermediate in 
character between Myrica and Comptonia, (4) the resemblance to 
Myrica of the oldest Comptonias and of the leaves of modern 
seedlings. 

As an example of the variation in Myrica leaves and their ten- 
dency to approach the Comptonia form, I may cite Myrica lignitum 
Unger, an undoubted Myrica, abundant in the Oligocene and 
Miocene of Europe. Ettingshausen and Standfest* in their study 
of the abundant remains of these leaves from the late Tertiary of 

1 Ettingshausen und Standfest. ‘Ueber Myrica lignitum Ung., und ihre 


Beziehungen zu den lebenden Myrica Arten.”’ Denkschr. math.-natur. Akad. 
Wiss. Wien, vol. 54, pp. 1-8, pls. 1, 2, 1888. 
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Styria, recognize thirty varieties of which several are very close to 
Comptonia, in fact were it not for the closely related intermediate 
forms as well as the characteristic Myrica fruit, we would be jus- 
tified in considering them as referable to Comptonia. 

Contemporaneous with the southward advance of Comptonia 
in eastern North America, we find a like advance through north- 
ern Europe via the then extended Scandinavian peninsula, recorded 
by a primitive species of Comptonia (antiqua Nilss.) from the 
greensand of Képinge, Sweden, followed by the appearance of the 
same species in Transylvania (Cenomanian). ‘This species is 
very close to its American and Arctic congeners, so similar that one 
cannot but see in these leaves the strongest sort of an argument for 
a common ancestry, a theory which receives additional strength, 
not only from the form of the juvenile leaves of the existing species, 
but also from the fact that there is nothing in our present knowledge 
of floral distribution in past time or of the disposition of the land 
masses of the northern hemisphere during the Mesozoic that does 
other than add support to such a theory. 

Some authors (e. g., Hosius and von der Marck) would include 
Dryandra cretacea of Velenovsky from the Cenomanian of Bohemia 
in this genus. While it is true that the form and venation of the 
leaves is the same as that characterizing the leaves of certain Mio- 
cene species of Comptonia, and that with the aid of mutation (as 
used by deVries, not Osborn) there would be no difficulty in deriv- 
ing this species from the contemporaneous Myrica stock, especially 
when we note that we have no evidence that in habit and structure 
it differed from the contemporaneous Myricas, the only differ- 
ence about which we know anything is the difference in leaf-form, 
and the evolution of leaf-form is a comparatively simple affair. 
Still I think that the inordinate length of these specialized leaves, 
combined with the character of the marginal serrations, together 
with their geological position, renders it probable that Dryandra 
is a more reasonable index of their real botanical relations. I 
certainly do not feel that the evidence is sufficient for making the 
change in generic affinity suggested. 

The upper Cretaceous history of Comptonia is a blank in so far 
as America is concerned. In Europe, however, we find a char- 
acteristic Comptonia (tenera Hos. & v. d. Marck) in the Senonian. 
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of Westphalia. This species shows a considerable progression 
from the earlier Cretaceous form, and clearly foreshadows the 
later type of leaf, so abundant in the Tertiary floras, and which is 
not very different from the typical modern leaf. 

With the ushering in of the Eocene, we find this type of leaf con- 
tinued in considerable abundance and showing more or less varia- 
bility in the direction of other species. ‘The European records 
of this age are far superior to those of America; while the Arctic 
region unfortunately has thus far furnished no evidence (except 
for the single leaf which I have referred to Comptonia microphylla 
and whose age is doubtful). 

The Atlantic coastal plain, where we would expect to have 
found a most interesting group of species, had the records only 
been preserved, fails us entirely, as no leaf beds have been found 
in their marine formations. Western America it is true furnishes 
us with Eocene Comptonias, but these are relics of an independent 
line of migration from the Arctic region during which three species 
occurred in Alaska. These either represent the genus en route for 
Asia, or are stragglers which were left behind during the Asiatic ad- 
vance. ‘The Green River beds, besides some fragmentary remains, 
furnish us with a beautiful species, which we picture as a promi- 
nent element in the flora that clothed the site of.the present Rocky 
Mountain region. 

Asia has thus far failed to show Comptonias in strata earlier 
than the Miocene, due no doubt to our lack of knowledge of earlier 
Tertiary formations and floras in that region. As previously 
mentioned it is in Europe that we find the most satisfactory evi- 
dence of Comptonia development. 

Beginning with the same type of leaf as that of the Senonian 
tenera, which is common during the Eocene as Comptonia schrankii, 
and which becomes widespread, we find various lines of variation 
leading to the closely related and equally abundant Comptonia 
diforme, and to the less common forms which I have shown in 
the genealogical diagram. 

We find at this time the modern type of leaf and the same varia- 
tions from this type, 7. e., small leaves, large leaves, leaves with 
acute lobes, and leaves with obtuse or rounded lobes; in all, some 
twelve forms which appear to be valid species. 
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The next period, the Oligocene, shows a considerable broaden- 
ing out in their development and distribution. From the vindo- 
bonensis type we get, by a series of slight gradations, Comptonia 
eningensis, and by equally slight steps this type gives rise to that 
most beautiful species, Comptonia laciniata with its large leaves 
and serrated lobes. This form is strongly suggested in the leaves 
of the modern species. ‘The small-leaved types of schrankii and 
diforme continue through this period, and near them we have the 
large and handsome form, Comptonia dryandroides, so like the 
modern leaf, besides two or three other species of more doubtful 
value — in all twelve species. 

It is in the next period, however, the Miocene, that the genus 
reaches its acme of development. Numerous leaf remains, often 
beautifully preserved, are present at nearly every locality where 
plant beds of this age have been opened, from Greece and Bohemia 
to France and the Baltic. We find a continuation and further 
development of all of the Oligocene types, the small schrankii with 
both rounded and acute lobes, the somewhat larger and rather 
acute-lobed diforme, the obtuse-lobed a@ningensis and vindobo- 
nensis, and the related large-leaved laciniata and dryandroides, 
besides numerous other forms, including the gigantic grandifolia. 

We find laciniata getting over into Asia Minor from southeastern 
Europe. Eastern Asia (Japan) furnishes two good species which 
are identical with European forms. Northwestern America fur- 
nishes two additional forms also identical with European forms, 
one of them being the same as one of the forms from Japan. 
Whether we have in these occurrences the evidence of an inter- 
change of species between the continental regions or independent 
lines of southward migration from the Arctic region is not posi- 
tively determinable. I incline to the latter assumption, however, 
which is supported by the evidence of dryandroides (cuspidata of 
Daws.) from western Canada which is identical with nawmanni 
Nath. from Japan, both in turn identical with the leaves which 
occur in southeastern Europe from this and earlier horizons. It 
would seem that the Japanese and Canadian leaves had both 
traveled southward along the foothills bordering the valleys, which 
in their general trend run north and south, rather than that they 
came overland from Europe to Asia then across Behring Straits 
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and down the western American coast or vice versa. In all, we 
have during the Miocene, forms which may be divided up into 
nine “‘good species.” 

With the refrigeration of Pliocene and Pleistocene climates 
in temperate latitudes, and the resulting wholesale extinction 
and redistribution of species, we see Comptonia exterminated 
from all except American soil. The story is apparently the 
same for numerous other genera which are exclusively American 
in the existing flora; the Mediterranean Sea in Europe and the 
high altitudes of southern Asia apparently cutting off their 
retreat before the advancing ice sheet. : 

Comptonia is a hardy shrub at the present time and thrives in 
almost any habitat, possibly as the result of its struggles with 
severe conditions during the Glacial period. 


VENATION 

In spite of the considerable variation in leaf-form shown by the 
leaves of Comptonia peregrina (Linn.) Coulter, the venation is 
monotonously uniform. In a general way it may be character- 
ized as follows: there are two or three secondaries in each lobe, 
generally two in the smaller lobed forms and three in the larger, 
although those with two seem to be the commoner irrespective 
of size. ‘They all branch from the midrib at a wide angle, often 
90 degrees, and describe a slight upward curve, which is greater in 
the lobes toward the tip of the leaf. The uppermost secondary in 
each lobe usually runs directly to the tip of the lobe when the lat- 
ter is pointed, or directly to the margin in those leaves with rounded 
lobes, its position on the margin being indicated by a slight mu- 
cronate point. The one or two secondaries below the upper are 
inserted at equal distances apart and become somewhat more 
curved as they proceed outward, curving upward to join a short 
downwardly directed lateral branch from the secondary next 
above. The tertiary venation in the border region is festooned 
along the margin of the leaf, being particularly noticeable along 
the lower margins of the lobes. Where the lobes have a somewhat 
serrated margin or are divided somewhat similarly to those of 
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the fossil species Comptonia laciniata, this arching of the veins 
along the border is more or less interfered with, and a branch 
from the nearest secondary proceeds to the tip of the tooth. 
Where the lobes are not separated to the midrib there is usually 
a vein of the same caliber as the secondaries which proceeds 
directly to the sinus between the lobes, where it forks and its 
two branches arch along the borders of the adjacent lobes on 
each side (above and below). The finer areolation shows three-, 
four-, or five-sided reticulations. On the whole the venation can- 
not be said to show any especially characteristic and distinctive 
features. The usual style of leaf is finely figured by Schimper 
inhis Traité de Paléontologie Végétale, Plate 84, Fig. 4 (1874), 
which is copied from a figure of Ettingshausen, in his Blattskelette 
der A petale. 


REVERTED ForM OF SEEDLING LEAVES 


In discussing Comptonia microphylla I have mentioned the curi- 
ously shaped leaves of the seedlings of the existing species, the 
first six or seven of which are indistinguishable from those of 
the earliest Comptonias from the Mid-Cretaceous, and which 
are evidently true reversions. Some of these are well shown on 
Plate 3. I have collected numerous examples of these leaves and 
believe this form to be a constant feature of the seedling leaves, 
furnishing admirable proof of the correct identification of their 
Cretaceous ancestors. 

As might be expected, the various fossil species of Comptonia 
probably had leaves on their seedlings which were similar to this 
form. Seedling plants, as can be readily understood, are rare as 
fossils. I am convinced, however, that the leaves which Heer! 
refers to Myrica latiloba from the Miocene of Locle and Oenin- 
gen are to be so understood. Their form and venation are exactly 
that of the modern seedling leaves and they have the same thin tex- 
ture and thickened midrib. Lesquereux’s Fig. 12 of Myrica alka- 
lina from the Green River group of Wyoming is also a young leaf, 
probably of Comptonia insignis (Lx.) Berry. 


1 Heer. Fl. Tert. Helv., vol. 3, p. 176, pl. 150, fig. 12-15, 1859. 
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STIPULES 


The stipules on the modern plant are large, ordinarily of an 
odd, three-lobed form, the upper lobe being produced into a horn 
which runs close to the petiole. These stipules are pronounced 
in seedlings and spring shoots, no doubt serving as a protection 
from the cold. "They become, however, much reduced in size and 
abbreviated in form on the later shoots. They are also very vari- 
able, some of the extreme forms being shown on PI. 1, Figs. 8-12, 
Figs. 11 and 12 being the more typical. As in Liriodendron, they 
are probably descended from the basal lobes of the leaves of their 
ancestors, for we find basal lobes in the modern plant which 
approximate the stipular form and which are entirely separated 
from the lobes next above. PI. 1, Figs. 4-7, illustrates some of these 
basal lobes and serves admirably to show how strikingly they 
approximate the stipules in appearance. 


Compound LEAVES 


The leaves of the modern species show occasional examples of 
a tendency toward the formation of compound leaves. Usually it 
is toward the tip that the midrib forks, forming two lobes. Some- 
times, however, a basal lobe will assume the size and proportions 
of a division of a compound leaf. On PI. 1, Figs. 1-3, are shown 
three examples of this tendency. In Figs. 1 and 3 the midrib 
forks about halfway to the tip, thus forming two divisions of equal 
rank. In Fig. 2 the tendency seems to be toward a tripalmate 
division, the central division being bilobed and separated by an 
interval of petiole (midrib) from the rest of the leaf. 

I know of no fossil remains which approach these modern leaf 
variations. 


It has been suggested to me that the leaf variations in the exist- 
ing species may indicate that this apparently monotypic form may 
be segregated into a number of closely related species, like so many 
aggregations of the Asa Gray period. This may be so; it were 
rash nowadays to doubt the possibilities of any species in this direc- 
tion after seeing what has happened and is happening to Crategus 
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and other genera. However, no evidence in this direction is fur- 
nished by the variations in leaf form, for with the exception of the 
atavistic character of the seedling leaves which appears to be a con- 
stant feature, and the usual reduction shown by the senescent 
leaves, the leaf variation is entirely fortuitous, if one may use that 
term in this sense for the result of unknown, or at least not well 
understood morphological and physiological causes. 


TuHeE Fossit SPECIES 


That the number of fossil species of Comptonia has been multi- 
plied beyond what the facts warrant, seems probable without any 
very serious consideration. ‘That we should have, for instance, 
in the area of Europe, ten or a dozen Eocene, Oligocene, and 
Miocene species seems improbable, and this off-hand conclusion is 
borne out by an examination of the species. We find that the limits 
of variation within a single species as conceived by the various writ- 
ers who have studied members of this genus, judging by the diverse 
forms referred to the same species, are so wide as to include in 
almost any of the described species (so called), greater differences 
of size, form, or venation than exist between what are usually 
regarded as really valid species by the individual authors. In 
addition we find species founded upon obscure fragments of doubt- 
ful value, or upon what are very probably immature or abnormal 
leaves. More especially does this seem to be the case when we 
examine the leaves of the sole existing species for comparison. ‘The 
latter show wide variations (see Pl. 2). The typically mature 
leaves are usually divided nearly to the midrib, although the 
sides of the lobes often overlap, giving them the appearance in 
some cases of being only slightly incised. This would be par- 
ticularly true of similarly lobed leaves preserved as fossils. The 
leaves are progressively simpler toward the flowers and in the 
seedlings, becoming merely serrate or even entire and lanceo- 
late (Pl. 3). Thus the juvenile and senescent leaves are both 
more or less atavistic. ‘The lobes vary greatly in outline dup- 
licating many of the fossil leaves in appearance; their margins 
are usually entire but may be incised as in several of the fossil leaves. 
On the whole I feel justified in suggesting the changes which 
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follow, the discussion falling naturally under the respective species. 
While the synonymy does not pretend to be complete, I have en- 
deavored to include all references to figured specimens and have 
been at much pains to verify them in so far as the facilities of the 
United States National Museum and the New York Botanical 
Garden would permit. 

Work of this sort is as laborious as it is unappreciated, indeed 
the author who has the temerity to break away from the traditional 
names in paleobotany is more than likely to be criticised for having 
“done nothing but burden an already overburdened synonymy.” 
I have been working on Comptonia for several years and have 
long hesitated about publishing my results for just this reason 
until perfectly convinced that it was entirely impossible to get any 
idea of the past history of the genus without correlating the various 
remains, either positively or at least provisionally. To leave them 
as they were would be about as sensible as it would be to have 
species of Comptonia in the existing flora based upon the polit- 
ical divisions in which the plants are found and further depend- 
ent on the slight variations in leaf-form exhibited by the individual 
plants. A number of doubtful forms such as Comptonia cont- 
zeniana Debey, Comptonia chironis Massal, Comptonia heerii 
Ettings., ete., and such obvious errors as Comptonia mirabilis 
Brongn. cited in Prestwich’s Geology are entirely omitted. 


Comptonia diforme (Sternb.) Berry 


Asplenium diforme Sternb., Fl. d. Vorwelt, vol. 2, pp. 29, 33, pl. 24, fig. 1, 
1822. 

Aspleniopteris difformis Sternb., Ibid., vol. 4, p. 21, 1825. 

Zamites difformis Presl. in Sternb., Jbid., vol. 2, p. 198, 1822. 
Buettner, Rudera Diluvii Testes, pl. 22, fig. 8, 1710. 

Pterophyllum difformis Gépp., Ubersicht. d. Arb., p. 137, 1844. 

Comptonia acutiloba Brongn., Prod., pp. 141, 143, 209, 1828; Tabl., 
p. 121, 1849. 
Unger, Synopsis, pp. 213, 305, 1845; Gen. et Sp., p. 393, 1850; Foss. 
Fl. v. Sotzka, p. 32 (162), pl. 8 (29), figs. 6-8, 1850. 
Saporta, Périd. Végét., p. 307, fig. 92; Mon. d. Pl., 1879; Orig. Pal. 
Arbes. Cult., p. 141, 1888. 
Gardner, Mem. Geol. Surv. Eng. & Wales, p. 108, 1889. 
Boulay, “FI. foss. Gergovie,” Ann. Sct. Brux., vol. 23, p. 73, 1899. 
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Dryandra acutiloba (Brongn.) Ettings., Proteac. d. Vorw.,'p. 27 (735), 
pl. 4 (33), figs. 2, 3, 1851; Foss. Fl. v. Bilin, vol. 2, p. 17, pl. 35, figs. 
18-26, 1868; Proc. Roy. Soc. Lond., vol. 30, p. 232, 1880. 

Myrica (Comptonia) acutiloba Brongn. 

Schimp., Pal. Végét., vol. 2, p. 560, 1872. 

Engelhardt, Nova Act. Leop. Carol., vol. 39, p. 375, pl. 23, figs. 7-12, 
1877; Ibid. vol. 57, p. 153, pl. 6, figs. 4-7, 1891; Stzb. naturwiss. 
Gesell. Isis, 1880, p. 78, pl. 1, figs. 6, 7, 1881; Lotos, neue 
folge, Bd. 16, p. 5, 1896. 

Heer, Fl. Foss. Arct., vol. 7, p. 77, 1883. 

Dryandra comptoniejolia Ettings., Beitr. z. kr. foss. Fl. Neuseelands, 
p. 27, pl. 4, figs. 14-18a; pl. 5, figs. 9-12, 1887. 

Comptonia columbiana Daws., Trans. Roy. Soc. Can., vol. 8, sec. 4, p. 81, 
fig. 10 (text), 1890. 

Comptonia Vinayt Saporta, Pl. foss. Ark. de Brives, p. 35, pl. 3, figs. 
9-13, 1878. 

Dryandra saxonica Friedrich, Abh. geol. Specialk. Preuss u. Thiiring., 

vol. 4, pp. 327, 382, pl. 20, figs. 10a-16; pl. 28, figs. 3-5; pl. 29, fig. 

16, 1883. 


This was one of the first known species of Comptonia, having 
been described and figured by Sternberg in 1822 under the name 
Asplenium diforme. What is probably the same thing is mentioned 
elsewhere in his Flora der Vorwelt as Aspleniopteris difformis 
Sternb. and Zamites difformis Presl. A similar leaf was figured 
by Buettner as long ago as 1710_and considered as having Cyca- 
dean relationships. 

We have in this species, or group of species of the acutiloba type, 
a widespread and persistent type of leaf which is fairly well marked. 
Some of the smaller specimens, it is true, resemble Comptonia 
schrankii, particularly Ettingshausen’s forms from Monte Promina, 
but the bulk of the leaves referred to the latter species are smaller 
and have very narrow, two-veined, acute lobes. Heer includes 
under Comptonia acutiloba the Comptonia incisa of Ludwig found 
at several localities in Hesse, and he also identifies a similar leaf 
from Greenland as Comptonia incisa. 'The Greenland leaf is 
identical with Ludwig’s leaves, but both are obviously distinct 
from C. acutiloba. 

Dawson’s form from British Columbia belongs here. He says 
that it is closely allied to Comptonia matheroniana Sap., but I fail 
to see any resemblance to that species. Species which do resemble 
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Dawson’s more or less, are Comptoniphyllum japonicum Nath., 
and especial'y Comptonia partita Lesq., the latter based upon a 
poorly drawn fragment from the Green River beds. 

The existing Comptonia sometimes furnishes leaves very similar 
to diforme, and I have collected many such, although usually they 
differ in being somewhat broader, e. g., Pl. 2, Fig. 4. 

The many excellent figures published by Ettingshausen furnish 
adequate and typical examples of the leaves of the species under 
discussion. This form of leaf makes its appearance during the 
Eocene at the widely separated localities of the Isle of Wight in 
England, Brives in France (represented by C. vinayi Sap.), and 
Murderer’s Creek in New Zealand. It is possible that the 
New Zealand leaf, which is identical in form, may have been 
borne on an entirely different plant, as it is difficult to account 
for so wide a distribution. It may well be that the New 
Zealand leaf should be referred to Dryandra as Ettingshausen has 
done, since several species of the latter genus have been recorded 
from that region by the same author, all having leaves of the acuti- 
loba type. In discussions of the distribution of Comptonia we 
should constantly bear in mind, however, the meagerness of the 
record of the upper Cretaceous period. 

Comptonia diforme continued through the Oligocene and Mio- 
cene, becoming common during the latter age and occurring in 
beds in this country which have been considered Miocene (Comp- 
tonia columbiana Daws.). 

Friedrich considers the Saxon leaves which he describes under 
the name of Dryandra saxonica to belong to that genus because of 
their acute lobes, subcoriaceous texture, and style of venation, in 
which characters he says they differ from the modern Comptonia 
leaf. If he had seen a large enough series of the latter he would 
have found no difficulty in recognizing their similarity and the 
fact of their identity with both fossil forms whose similarity he 
does note, 7. e., sehrankii and acutiloba, all of which I have included 
under Comptonia diforme. 


Comptonia gaudinii Heer 


Myrica (Comptonia) gaudinii Heer, Fl. Tert. Helv., vol. 2, p. 34, pl. 70, 
fig. 9, 1856; Jbid., vol. 3, pl. 152, fig. 19, 1859. 
Schimp., Pal. Végét., vol. 2, p. 559, 1872. 
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Comptonia incisa Ludwig, Paleont., vol. 8, p. 96, pl. 30, fig. 7-15, 1860. 
Heer, Fl. Foss. Arct., vol. 2, p. 474, pl. 39, fig. 7, 1871 (referred to 
Dryandra acutiloba (Brongn.) Ettings). 

Schimp., loc. cit., p. 561. 

Comptonia triangulata Watelet, Pl. Foss. Bass. Paris, p. 124, pl. 33, 
fig. 4, 1866. 

Myrica credneri Engelh., Nova Act. Leop. Carol., vol. 39, p. 376, pl. 23. 
fig. 13, 1877. 

Myrica (Comptonia) tschernowitziana Engelh., [bid., p. 375, pl. 23, fig. 
14. 

Comptoniphyllum japonicum Nath., Pal. Abh. D. & K., vol. 4, pp. 207, 
212, pl. 20, figs. 2, 3; pl. 22, fig. 3, 1888. 


This species embraces leaves approaching the acutiloba type, 
averaging, however, considerably larger in size. ‘They are similar 
to Comptonia dryandroides Ung. except that the lobes in the latter 
species are fewer in number and more falcate in outline. As will 
be seen from the foregoing synonymy I have included a variety 
of names under this species, most of them having been based upon 
fragmentary material. Some of these may be entitled to varietal 
rank, but surely their slight differences do not entitle them to rank 
as valid species. For instance, Engelhardt’s tschernowitziana is 
based upon a single specimen showing but three lobes on one side 
and one lobe on the other side. It differs from the typical gaudinii 
in the more rounded upper margins of the lobes, but might easily 
be a larger leaf of the same author’s credneri, both of which I include 
under Comptonia gaudinii. Individual lobes of Ludwig’s incisa 
which correspond with tschernowitziana could be selected without 
much difficulty. Heer’s gaudinii was founded upon fragments 
as was also the Arctic form which he refers to Dryandra acutiloba, 
but which seems to belong here. His comparison of gaudinii to 
dryandroides Ung. is certainly significant. Watelet’s triangulata 
is another fragment showing only three complete lobes on each side. 
Schimper includes it under Watelet’s concisa from which it mani- 
festly differs, however. Nathorst’s japonicum shows only the cen- 
tral portions of several large and small leaves. As might be 
expected when dealing with fragments, the various authors com- 
pare their specimens with a variety of other species, for instance 
Engelhardt compares credneri with macroloba of Wessel & Weber, 
to which I fail to detect any resemblance. 
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Comptonia gaudinii as here constituted, shows considerable 
range, being represented as early as the Eocene by the leaf described 
by Watelet which grew on the shores of the Suessonien Gulf, and 
continued as late as the Miocene of Switzerland and Japan. 


Comptonia insignis (Lesq.) Berry 


Myrica insignis Lesq., Ann. Rep. U. S. Geol. & Geog. Surv. Terr., for 
1874, p., 312, 1876; Tertiary Fl., p. 135, pl. 65, figs. 7, 8, 1878. 
Myrica alkalina Lesq., Cret. & Tert. Fl., p. 149, pl. 454, figs. 10-15, 1883. 


I regard these two species of Lesquereux as most probably iden- 
tical, for example his Figs. 13 and 15 of alkalina are particularly 
close to insignis, especially Fig. 15. It would require but a slight 
increase in the lobation of the latter to produce the typical insignis. 
Other than this the remains of the two forms are exactly alike in 
texture and venation, except that in insignis the midrib is more 
slender. As Lesquereux remarks, the leaves which he refers to 
alkalina are of two types—obtuse, and acute-lobed,— the collected 
specimens, however, showing every gradation between these ex- 
tremes, some leaves being acutely lobed on one side and obtusely 
on the other. As the remains are all from strata of the same age, 
although Alkali Station, Wyo., is some 300 miles distant from 
Florissant, Col., I am still inclined to think that the leaves which 
Lesquereux called alkalina are simply the young leaves of which 
insignis is the mature leaf, for they are (1) much more variable 
in lobation, (2) smaller in size and definiteness, and in the extent 
of their lobes, combined with a narrower lamina, and (3) they 
have a much thicker midrib. This is especially true of Fig. 15 
cited above. 

All of these are characters which serve to mark the leaves of the 
immature plants of the existing species. ‘Together these two types 
of leaf show that a most beautiful species of rather broad-leaved 
Comptonia dwelt on the site of the present Rocky Mountains dur- 
ing the early Tertiary. 

The venation which is well preserved, shows a type which is 
quite characteristic of the modern Comptonia leaf. 

Lesquereux compares alkalina with Myrica vindobonensis Ettings. 
and with Myrica ungeri Herr (laciniata Ung.) to both of which 
there is a passing resemblance that is by no means close, however. 
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Comptonia macroloba (Web. & Wess.) Berry 


Dryandra macroloba Web. & Wess., Paleont., vol. 4, p. 147, pl. 25, fig. 


11, 1856. 

Myrica macroloba (Web. & Wess.) Schimp., Pal. Végét., vol. 2, p. 557, 
1872. 

Comptonia concisa Watelet, Pl. Foss. Bass. Paris, p. 123, pl. 33, fig. 1, 
1866. 


Myrica concisa (Wat.) Schimp., Pal. Végét., vol. 2, p. 554, 1872. 


These leaves resemble those which have been described and fig- 
ured by the respective authors as incisa Ludw. (gaudinii Heer), 
dryandroides Ung., and acutiloba (diforme (Sternb.) Brongn.), 
with this difference that the blade in macroloba is incised only half 
the distance to the midrib, surely not a very important character 
in view of the variation in this direction often shown by the existing 
Comptonia. 

Watelet’s leaf is not different, except in the foregoing particular 
from the fragment which he named Comptonia triangulata and 
which I have referred to Comptonia gaudinii Heer. 

Both of the forms which I have united to form the species under 
consideration are fragments of the basal portions of single speci- 
mens and possibly their similarity may be due to this fact. Neither 
has any individual characters of much specific weight and perhaps 
it would be wiser to discard them altogether or to refer them to 
some of the above mentioned and better characterized species. 
The French specimen is from the lower Eocene while the Prussian 
is from the later Tertiary (Aquitanian), which may be considered 
an objection to considering them identical. However, they are 
of no great importance in any event, and do not throw any addi- 
tional light upon the evolution of the genus in Tertiary times. 


Comptonia antiqua Nilsson 


Phyllites (Comptonia ? antiqua) Nilss., Vetens. Akad. Handl., for 1831, 
p. 346, pl. 1, fig. 8, 1832. 
Sap., Arch. Sci. Phys. & Nat., vol. 28, p. 110, 1867. 

Comptonites ? antiquus Nilss., Pfl. Kreidegebirges, p. 121. 
Hisinger, Lethea Suec., p. 111, pl. 34, fig. 7, 1837. 
Unger, Synopsis, p. 213, 1845; Gen. et Sp., p. 395, 1850; Sitzb. Akad. 
Wiss. Wien, vol. 51, p. 379, 1865. 
Brongn., Tabl., p. 111, 1849. 

Dryandra antiqua Ettings., Proteac. d. Vorwelt, p. 31 (739), 1851. 
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During the time that Comptonia microphylla Heer was spread- 
ing southward along the Atlantic coastal plain in America, a very 
similarly leaved plant had reached Europe by way of the Scandi- 
navian peninsula. ‘This species is represented by the leaf which 
Nilsson described in 1832 from the Greensand of Képinge, Sweden. 
That this species became more widespread in Europe than the 
fossils which have been discovered show, is indicated by its occur- 
rence at almost the opposite end of Europe in the Cenomanian at 
Déva, Transylvania. 

It was a small leaf with a few rounded lobes and was very simi- 
lar in appearance to its Arctic and American congeners. _ In size 
and outline it is identical with Heer’s type figures of Comptonia 
parvula and microphylla, particularly the latter, while his Fig. 3 of 
the former is indistinguishable from the European leaf. New- 
berry’s leaf from New Jersey is larger and has somewhat more 
pointed lobes, and Heer’s parviflora is also somewhat larger. ' 

The occurrence of this same type of leaf on the seedlings of the 
modern plant, and as the earliest known Comptonia leaves in the 
Cretaceous of such geographically remote localities in Europe, 
Greenland, and New Jersey, amounts to a demonstration, it seems 
to me, that we are dealing with an ancestral form of Comptonia 
leaf, and as a corollary, that the juvenile leaf-forms in the modern 
plant are truly atavistic. 


Comptonia tenera Hos. & v. d. Marck 


Comptonia tenera Hos. & v. d. Marck, Paleont., vol. 31, p. 227 (3), 
pl. 19 (1), figs. 3, 4, 1885. 


The next occurrence of Comptonia in Europe after that of Comp- 
tonia antiqua Nilss, of the mid-Cretaceous, is this species, which 
Hosius and von der Marck found in the upper Senonian of West- 
phalia at Hépingen, three and one half miles west of Miinster. 
They compare it to Myrica dryandrejfolia Brong. (Comptonia 
schrankii) and consider the resemblance to be very close. They 
also make comparisons with Dryandra eretacea Velen., which they 
think is identical with Dryandra brongniarti Ettings. from Hiring, 
both of which species they would refer to the genus Comptonia. 

The venation of Comptonia tenera is not shown in the speci- 
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mens figured but there can be no doubt of its being a Comptonia. 
A large number of the smaller leaves of the existing species are 
counterparts of these Senonian forms, the most similar figured 
specimen being the leaf shown on PI. 2, Fig. 1. 

This species differs decidedly from Dryandra cretacea Velen., 
which I would retain in the Proteacez, otherwise the authors com- 
parisons are most fortunate and it is very probable that we 
have in Comptonia tenera the Cretaceous ancestor of Comptonia 
schrankii which is so common from the Eocene through the Mio- 
cene. 


Comptonia dryandroides Unger 


Comptonia dryandroides Unger, Foss. Fl. v. Sotzka, p. 31 (161), pl. 
6(27), fig. 1, 1850. 
Andra, Jahrb. k. k. geol. Anst., vol. 5, p. 562, 1854. 

Dryandra ungeri Ettings., Proteac. d. Vorwelt, p. 30 (738), pl. 4, fig. 1, 
1851. 
Unger, Foss. Fl. v. Kumi, vol. 35 (59), pl. 9, fig. 16-18, 1867. 

Myrica (Comptonia) dryandroides Pilar, Acta Acad. Sci. Slav. Merid..,. 
vol. 1, p. 31, pl. 13, fig. 18, 1883. 

Comptoniphyllum naumanni Nath., Pal. Abhandl. D. & K., vol. 4, p. 8, 
pl. 2, fig. 2, 1888. 

Myrica (Comptonia) cuspidata (Lesq.) Dawson, Trans. Roy. Soc. Can., 
vol. 8, sec. 4, p. 80, fig. 9, 1890. 


A large-leaved and beautiful species of which Unger has figured 
a perfect leaf from Sotzka, which is identical with, but somewhat 
larger than Nathorst’s Comptoniphyllum naumanni from Japan. 
These leaves are practically the counterparts of numerous leaves 
of the existing species (cf. Pl. 2, Figs. 3, 4). Those which are 
described by Unger from Kumi have a prolonged base, which the 
other included leaves lack. This is, however, a variable feature,. 
often present, though in a somewhat less degree, in the existing 
species. Ettingshausen refers these leaves to Dryandra making 
comparisons with Dryandra armata R. Br. of the existing flora. 
His comparison is not, however, particularly fortunate as the latter 
species has leaves which incline to a runcinate form, while the basal 
portion of the leaf is much more narrowly lobed, some of the lobes. 
being several times longer than they are wide and separated by an 


| 
q 
q 
i 
4 


No. 475] REVISION OF COMPTONIA 503 


interval of midrib. I altogether fail to see any but the’most general 
resemblances. 

With regard to the relations of Comptonia dryandroides to the 
other fossil species of Comptonia the following points may be men- 
tioned. 

The lobes are of the form of schrankii but much larger and the 
leaves as a whole are comparatively less elongated. There is 
somewhat of a resemblance to the typical acutiloba leaves but the 
size is greater and the lobes are longer and incurved. The leaves 
of eningensis have similar lobes when they are deeply lobed, but 
the leaf as a whole is smaller and the incisions never seem to reach 
the midrib as they do in dryandroides. Heer’s aventica (vindo- 
bonensis) is intermediate in form between this species and enin- 
gensis. Ludwig’s incisa also includes very similar leaves which 
have, however, narrower, less incurved, and more rectangularly 
placed lobes. Whether this species spread from Greece to Japan 
or from Japan to Greece via southern Asia is problematical, but it 
was probably more plentiful throughout parts of southern Asia 
and on the hills of the incipient Himalayas than the fossils indicate. 
The leaf from British Columbia which Dawson referred to Comp- 
tonia cuspidata Lesq. differs from that species in size and in the 
shape of the lobes. It is somewhat smaller than Unger’s type 
material of dryandroides but is identical with the Japanese leaf 
referred here. Dawson says (p. 81): “Allied with eningensis 
Heer, obtusiloba Brongn., and dryandroides Ung. all of which may 
be varieties of one species.” To eningensis I fail to see any 
resemblance except in the tip which is a variable character of little 
weight. What Dawson means by obtusiloba Brongn. I have not 
been able to make out. 


Comptonia cuspidata Lesq. 


Comptonia cuspidata Lesq., Proc. U. S. Nat. Mus., vol. 5, p. 445, pl. 6, 
fig. 10-12, 1883. : 

Myrica (Comptonia) cuspidata (Lesq.) Knowlton, Proc. U. S. Nat. 
Mus., vol. 17, p. 221, 1894; Ann. Rep. U. S. Geol. Surv., vol. 17, pt. 
1, p. 885, 1896 (non Dawson). 


This must have been a particularly beautiful plant with its large, 
almost falcately lobed leaves. ‘That these acute, upwardly directed 
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lobes are not anomalies is indicated by the three leaves that Lesque- 
reux figures, which are of widely different sizes, his larger figure 
indicating a leaf about fifteen centimeters in length and showing 
perfectly the characteristic venation of this genus. 

Lesquereux compares this species with Comptonia acutiloba 
Brongn., to which, however, the resemblance is not especially close, 
not so close as it is, for instance, to Ludwig’s larger figure of Comp- 
tonia incisa (gaudinii Heer). In both of these species, however, 
the lobes are laterally pointed and not ascending. The European 
leaf which is the closest to cuspidata is Unger’s specimen of dryan- 
droides from the Oligocene of Styria, in which the resemblance 
is quite striking although the lobes of the latter are somewhat less 
ascending. 

The occurrence of Comptonia cuspidata and premissa in Alaska 
during the early Tertiary would seem to indicate that they represent 
the invasion of the genus into Asia from the Arctica-North America 
region which probably shortly preceded or followed this Alaskan 
occurrence, as they are not so different from the two forms which 
occur in the Miocene of Japan as to preclude the idea of their 
standing in ancestral relations to the latter. 


Comptonia premissa Lesq. 


Comptonia p emissa Lesq., Proc. U. S. Nat. Mus., vol. 5, p. 445, pl. 6, 
fig. 13, 1883. 

Myrica (Comptonia) premissa (Lesq.) Knowlton, [bid., vol. 17, p. 222, 
1894; Ann. Rep. U.S. Geol. Surv., vol. 17, pt. 1, p. 885, 1896. 


This lower Tertiary species from Coal Harbor and Chignik Bay, 
Alaska, had leaves very similar to the younger leaves of the living 
species of Comptonia and not especially close to any of its known 
European contemporaries. Were the remains of Heer’s laharpii 
more definite it might possibly be compared with the Alaskan 
form, while Sternberg’s type figure (Fl. d. Vorwelt, Pl. 24, Fig. 1) 
of Comptonia diforme shows the closest resemblance to it of any of 
the forms known to me. 


Comptonia gracillima (Heer) Berry 


Dryandra gracilis Heer, Fl. Tert. Helv., vol. 3, p. 311 (note), 1859. 
Myrica gracillima (Heer) Schimp., Pal. Végét., vol. 2, p. 559, 1872. 
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?Myrica minima Sap., Etudes, vol. 1, p. 199, 1863. 
Schimp., loc. cit., p. 562. 

?Myrica pusilla Sap., loc. cit. 
Schimp., loc. cit., p. 561. 


Heer’s species was from the Oligocene of Spechbach in Alsatia 
while Saporta’s were both from the Oligocene of Saint Zacharie 
in France. These three species, so called, are all from strata of 
about the same age, and not widely removed geographically, none 
are figured by their authors, they are all founded on very small 
obtusely lobed leaves, and while they may represent one or more 
valid species of small size, it seems more probable that they are 
founded upon immature leaves such as are so common on ter- 
minal shoots in close proximity to the fruit in the modern species,. 
of one of the dominant Oligocene species, Comptonia schrankii for 
instance. 

I have united them provisionally under Heer’s name, which has: 
priority, since if left as distinct forms they indicate an abundance 
and variety of species of Comptonia which is apt to be very mis- 
leading when based upon such insufficient evidence. 


Comptonia grandifolia Unger 


Comptonia grandifolia Unger, Chlor. Protog. (inedit.); Synopsis, p.. 
213, 1845; Gen. et Sp., p. 394, 1850; Foss. Fl. v. Sotzka, p. 31 (161), 
pl. 8 (29), fig. 1, 1850; Foss. Fl. v. Radoboj, p. 161, 1869. 

Brongn., Tabl. p. 118, 1849. 

Dryandroides grandijolius Ettings., Proteac. d. Vorwelt, p. 34 (742), 

pl. 5, fig. 2, 1851. 


This species is founded upon rather poor and indefinite remains. 
of a gigantic leaf with obsolete secondary venation from the lower 
Miocene (Mayencian) of Radoboj in Croatia. ‘The specimen is 
5.5 em. wide across the more perfect lobes, while the largest leaf of 
the existing Comptonia which I have been able to find is 3.5 cm. 
wide, or seven elevenths of the size of the Radoboj leaf. Large- 
leaved fossil Comptonias of undoubted authenticity are magnifica 
of Watelet which is 3.2 cm. wide, and matheroniana of Saporta 
which is 3.8 em. in width. Comptonia grandifolia is almost iden- 
tical in size and outline with the leaves of the existing Banksia 
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grandis Willd. as pointed out by Ettingshausen (loc. cit.) so that 
its reference to Comptonia may be regarded as largely proble- 
matical. 


Comptonia suessionensis Watelet 


Comptonia suessionensis Wat., Pl. Foss. Bass. d. Paris, p. 122, pl. 33, 
fig. 2, 1866. 
Myrica suessionensis (Wat.) Schimp., Pal. Végét., vol. 2, p. 553, 1872. 


A rather large leaf, exceptionally broad considering its narrow 
lobes, somewhat similar to the leaf of the existing species shown 
on PI. 2, Fig. 2. Watelet’s figure shows us a curious combination 
of rounded and acute lobes, and it seems quite probable that his 
specimen is not correctly depicted. Schimper (loc. cit.) says that 
this species greatly resembles Myrica dryandrefolia Brongn. 
(Comptonia schrankii) but I fail to detect any very close resem- 
blance. 

With considerable doubt regarding the propriety of retaining 
this as a valid species, I still see no other disposition to make of it 
at present. 


Comptonia laciniata Unger 


Comptonia laciniata Unger, Gen. et Sp., p. 394, 1850; Foss. Fl. v. 
Parschlug, p. 35, 1848; Foss. Fl. v. Sotzka, p. 31, pl. 8, fig. 2, 1850; 
Iconogr., p. 33, pl. 16, fig. 8, 1852 (aments); Foss. Fl. v. Radoboj, 
p. 161, 1869; Fl. Tert. Asia Mineur in Tschitacheff, Asia Min., pt. 4, 
p. 320, 1869. 

Brongn., Tabl., p. 121, 1849. 

Dryandrovdes laciniatus Ettings., Proteac. d. Vorw., p. 33, 1851. 

Myrica ungert Heer, Fl. Tert. Helv., vol. 2, p. 35, pl. 70, fig. 7, 8, 1856. 
Ibid., vol. 3, p. 176, pl. 150, fig. 22 (fruit)?, 1859 (non fig. 21, which 
is referable to vindobonensis). 

Massal., Pianti. Terz. Vicentino, pp. 243, 258, 1851. 

Schimp., Pal. Végét., vol. 2, p. 556, 1872; Atlas, pl. 85, fig. 8, 1874. 
Lesq., Proc. U. S. Nat. Mus., vol. 11, p. 27, 1888. 

Boulay, “Fl. Foss. Gergov.”, Ann. Sci. Bruzx., 1899, pp. 59, 131. 
(Non Ludw., Paleont., vol. 8, p. 95, pl. 29, fig. 2, 2a; pl. 30, fig. 2, 3, 
1860.) 

Myrica greffit Heer, Fl. Tert. Helv., vol. 3, p. 176, pl. 150, fig. 19, 1859 
(non fig. 20 which is referable to vindobonensis). 
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This is a beautiful species with large leaves some fifteen centi- 
meters in length and upwards of three centimeters in width, irregu- 
larly lobed; each lobe with one or more serrations of the margin 
besides the rather larger, somewhat falcate, usually pointed tip. 
There is considerable variation in the depth of the sinuses, Unger’s 
type figure from Sotzka showing a leaf with deep sharp sinuses, 
while the handsome specimen figured by Heer (loc. cit., Pl. 70, 
Fig. 7) has more shallow and slightly rounded sinuses. The sharp- 
ness of the serrations and tips of the lobes tends to be much softened 
in the basal and apical portions of the leaves, in fact one of the 
leaves figured by Heer has them distinctly rounded. 

As remarked under Comptonia vindobonensis, some of the leaves 
of that species are quite close to this one and are also represented 
by variations of the modern leaf, an example of which is figured 
on PI. 2, Fig. 5. The latter, while shorter and not exactly similar to 
laciniata, has precisely the same character of serrated lobes. 
Unger observed in the collections from Parschlug, Styria, a stam- 
inate inflorescence which he says is indistinguishable from that of 
the existing Comptonia and which he refers to laciniata. 

This species appears in some numbers in the late Oligocene 
of the upper Rhone and Jura regions of central Europe and con- 
tinues into the Upper Miocene (Tortonian) of Styria. It has 
been recorded by Lesquereux from Spanish Peak, California, but 
was not figured and I have been unable to locate the material upon 
which his determination rests, so that this occurrence may be con- 
sidered very doubtful for the reason that undoubted Myrica spe- 
cies have leaves which are not very different from laciniata. This 
is especially to be seen in the leaves from Florissant, Col., and 
Wycliffe, Ky., which Lesquereux named Myrica copeana, regarding 
which I found it impossible to reach a decision until after con- 
sulting the type material in the U. S. National Museum. 


Comptonia matheroniana (Sap.) Berry 


Myrica (Comptonia) matheroniana Sap., Etudes, vol. 2, p. 93, pl. 5, 
fig. 7, 1865. 
Schimp., Pal. Végét., vol. 2, p. 555, 1872; vol. 3, p. 691; Alas, pl. 
55, fig. 10, 1874. 
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Boulay, Fl. Foss. Gergov., p. 73, 1899. 
Probst, Jahresb. vaterl. Naturk. Wiirtemberg, p. 190, 1883. 
Comptonia magnifica Watelet, Pl. Foss. Bass. Paris, p. 123, pl. 33, fig. 3, 


1866. 
Myrica magnifica (Wat.) Schimp., loc. cit., vol. 2, p. 554, 1872. 


Leaves of extremely large size with lobes similar to the normal 
lobes in the leaves of the existing species. Saporta’s leaf is only 
slightly larger, however, than the modern leaf shown in PI. 2, 
Fig. 6. 

The Eocene and Oligocene forms are very similar, what little 
differences are apparent being probably due to the careless drawing 
of the leaves from the Paris basin. Saporta’s figure, however, 
does show a few serrations on some of the lower lobes which are 
wanting in its Eocene ancestor, if we may draw such a conclusion 
from the small amount of material available for study. I was at 
first inclined to keep these two leaves separate, appearing as they 
do at such different horizons, but there are a number of other iden- 
tical species from the two horizons, and others with even a greater 
range in the Cenozoic, so that it has seemed best to unite them as 
above indicated. It is, of course, within the range of possibility that 
they do not constitute a valid species but in each case are simply 
abnormally large leaves of contemporary and smaller-leaved forms; 
for instance, Watelet’s leaf might be merely a giant leaf of the 
Belleu species which he named triangulata (gaudinii Heer). 
Schimper notes the resemblance of these leaves to such Pro- 
teaceous forms as those of Banksia grandis and repens of Robert 
Brown, but the resemblance is much closer to the large leaves of 
the modern Comptonia. Saporta in his revision of the Aix flora 
records this species from that locality and notes its resemblance to 


Myrica aculeata. 


Comptonia microphylla (Heer) Berry 


Myrica (Comptonia) parvula Heer, Fl. Foss. Arct., vol. 7, p. 20, pl. 55, 
fig. 1-3, 1883. 
Newberry, Fl. Amboy Clays, p. 63, pl. 19, fig. 6, 1896. 
Myrica (Comptonia) parvifolia Heer, loc. cit., p. 77, pl. 71, fig. 12, 1883. 
Rhus microphylla Heer, loc. cit., vol. 3, pt. 2, p. 117, pl. 32, fig. 18, 1874. 
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It is difficult to understand upon what ground Heer founds his 
two species parvula and parvifolia unless it is because they are 
from different horizons. He compares both to the European 
Myrica eningensis (Braun) Heer, although their resemblance to 
that species, as a matter of fact, is not very close. 

The two are exactly similar except that the form parvifolia is 
somewhat the larger. The Raritan leaf which Newberry refers 
to parvula is more like parvifolia, which fact is noted by the latter 
author, who, I suppose, hesitated about referring a Cretaceous leaf 
to a species of the late Miocene as these Arctic deposits were 
thought to be at that time. 

I can see no reason for maintaining them as separate species, 
even though one is Cretaceous and the other Tertiary, a statement 
not altogether beyond question in view of the fact that labels are 
sometimes misplaced, and in the case of parvifolia the name was 
based upon a single imperfect specimen which might readily enough 
become included with other collections from earlier strata, both 
having been collected by Professor Steenstrup’s expedition. In 
addition to the above, it may be remarked that the exact age of 
the Greenland Tertiary deposits has never been definitely and 
satisfactorily settled, and in all probability the Atanekerdluk 
deposits are not younger than the Oligocene and more probably 
are upper Eocene. ; 

The first five or six leaves on young plants of the existing Comp- 
tonia peregrina (Linn.) Coulter usually closely resemble this fossil 
species both in size and in shape. This is well shown by a com- 
parison of the figures which I have reproduced; in fact the existing 
leaves were they to occur as fossils would unhesitatingly be referred 
to parvula Heer, some of them being exact duplicates of this fossil 
leaf. Heer’s Fig. 1 which shows a more primitive leaf than his 
other figures, finds its counterpart in the first leaf of the modern 
seedling, which is almost equally close to the types of Comptonia 
microphylla and antiqua. I have collected a large number of leaves 
of this form, and find this type with more or less accentuation to be 
present in all the seedlings which I have examined. 

We might consider these fossil leaves to be merely the abbreviated 
leaves which are so common in seedling plants and hence without 
phylogenetic meaning, or we might consider that this form of fossil 
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leaf represented the normal leaves of ancient Comptonia plants. 
The former view seems to me doubtful, not only because of the 
perishable nature of seedling leaves in general, but because it is 
unusual for them to become detached and fossilized. ‘That they 
are sometimes found as fossils is proven by the leaves from the 
Swiss Tertiary which Heer calls Wyrica latiloba (Fl. Tert. Helv., 
vol. 3, p. 176, pl. 150, figs. 12-15, 1859). Furthermore no other 
species of Comptonia has been found in the Raritan clays or 
Patoot schists from which they could have been derived. We are 
quite justified in concluding that these leaves are the normal leaves 
of the earliest known Comptonias and that the modern seedling 
leaves are truly atavistic. From the abundance of the genus 
Myrica with nine species in the Raritan, we may assume that the 
Comptonia stock became separated from Myrica some time dur- 
ing the lower Cretaceous, probably toward its close. While the 
leaf which Heer calls Rhus is probably from a slightly higher hori- 
zon than the Raritan leaf, its smaller size and its occurrence near 
what was probably the original center of radiation of the genus 
Comptonia, stamp it as the real starting point for any scheme of 
Comptonia phylogeny and distribution, and also emphasize the 
close relation, if not actual identity, between these forms of the 
New World and Comptonia antiqua Nilss. of Europe. 

if There are four species of Myrica in the Atane flora and two in 
that of Patoot; one of the latter (precox) Heer considers as referable 
to Comptonia. While I do not agree in this reference, the species 
in question might be considered as showing the close relation 
between Myrica and Comptonia at this time, although I am strongly 
inclined to think that Myrica precox is a Quercus, to which genus 
all of the early Comptonias show a passing resemblance, partic- 
ularly the Raritan leaf. 


Comptonia eningensis Al. Br. 


Comptonia eningensis Al. Br., Neues Jahrb. 7. Miner., p. 108, 1845; 
Verz. foss. Pfl. v. Eningen, p. 76, 1851. 

! Unger, Gen. et. Sp., p. 394, 1850; Foss. Fl. v. Sotzka, p. 32 (162), 

pl. 8 (29), fig. 3, 1850. 

Brongn., Tabl., p. 121, 1849. 

Massal., Pianti Terz. Vicent., p. 243, 1851. 
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Dryandra eningensis Ettings., Proteac. d. Vorw., p. 28, 1851. 
Myrica eningensis (Al. Br.) Heer, Fl. Tert. Helv., vol. 2, p. 33, pl. 70, 
fig. 1-4, 1856; Jbid., vol. 3, p. 175, pl. 150, fig. 18, 1859. 
Schimp., Pal. Végét., vol. 2, p. 557, 1872; Atlas, pl. 85, fig. 9, 1874. 
Comptonia meneghinii Unger, Foss. Fl. v. Sotzka, p. 32 (162), pl. 8 (29), 
fig. 10, 1850. 
Massal., loc. cit., pp. 47, 243. 
Dryandra meneghinii Ettings., loc. cit., p. 28. 
Myrica meneghinii (Unger) Schimp., loc. cit., p. 555. 


Schimper was the first to notice the resemblance of Unger’s 
Comptonia meneghinii to Comptonia eningensis, a resemblance 
so close that I have been constrained to consider the two forms 
identical, an additional reason for this treatment being the unim- 
portance of the remains of the former. Ettingshausen refers 
both forms to Dryandra, comparing the former with Dryandra 
obtusa and plumosa of Robert Brown and the latter with the same 
author’s Dryandra floribunda and cuneata. It may be noted 
that their texture is much more membranaceous than obtains in 
the genus Dryandra. The species may be defined as including 
medium and rather small leaves of the general proportions of 
the modern leaf, with triangular, ascending, pointed, obtuse- 
tipped lobes. Incisions reaching only part way to the midrib. 
Base cuneate, more produced than in any specimens of the mod- 
ern leaf that I have seen. The apex is also produced and shows 
but incipient indications of lobation. 

These leaves approach very near to Comptonia vindobonensis, 
particularly to the Swiss leaves of that species, with which they 
are almost identical. 


Comptonia obtusiloba Heer 


Myrica (Comptonia) obtusiloba Heer, Uebers. Tertiarfl. d. Schw., p. 52, 
1854; Fl. Tert. Helv., vol. 2, p. 35, pl. 70, fig. 10, 1856. 
Saporta, Etudes, vol. 2, p. 105, pl. 5, fig. 7, 1865. 
Schimp., Pal. Végét., vol. 2, p. 560, 1872. 
Ettings., Blattskel. Dikot., p. 3. 
Boulay, “Fl. foss. Gergov.,” Ann. Sci. Brux., vol. 23, p. 59, 1899. 
Myrica laharpii Heer, Fl. Tert. Helv., vol. 2, p. 34, pl. 70, fig. 11, 12 
1856. 
Schimp., loc. cit., p. 559. 
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Myrica rotundiloba Sap., loc. cit., vol. 1, p. 200; vol. 2, p. 46, pl. 5, fig. 3, 
1865. 
Schimp., loc. cit., p. 554. 


Includes leaves with poorly developed, rather irregularly 
rounded lobes, Saporta’s specimen from St. Zacharie showing 
a few remote serrations. Both the form known as rotundiloba 
Sap., and laharpii Heer apparently represent anomalous leaves, 
the former occurring only as a single fragment and the latter 
consisting of very imperfect material which Heer says is similar 
to various Proteaceous leaves except for the thin midrib. The 
type material of obtusiloba is considered by Heer to be very sim- 
ilar to the Sotzka leaves of acutiloba, but I fail to see such a 
resemblance. The laharpit form is very similar in outline to 
Watelet’s Comptonia pedunculata from the French Eocene, and 
Saporta notes the close similarity between his rotundiloba and 
Heer’s laharpii. 

The various remains which I have included in this species are 
all somewhat indefinite in form and venation, and without uniform- 
ity in lobal characters, so that they shed but little light upon the 
relations of the plants which bore them, to the other species of 
Comptonia. 


Comptonia partita (Lesq.) Berry 


Myrica partita Lesq., Ann. Rep. U. S. Geol. Surv. Terr. jor 1873, p. 
412, 1874; Tert. Fl., p. 134, pl. 17, fig. 14, 1878. 


This subcoriaceous fragment, consisting of but two lobes on 
each side, was collected by Professor Cope from the Eocene of 
Nevada. Lesquereux compares it with wningensis of Braun, and, 
except for the margin, which was denticulate on the lower border 
of the lobes, with incisa of Ludwig. It is entirely indefinite in 
character and simply serves to show that there was in the Ameri- 
can Eocene, a Comptonia species with leaves of the same general 
type as the species gaudinii Heer, dryandroides Unger, and 
dijorme Sternb., which are so common in the European Ter- 
tiary. The Miocene of British Columbia furnished Dawson 
with a leaf that he called Comptonia columbiana which is almost 
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identical with partita although I prefer to consider it more closely 
related to diforme. ‘The occurrence of the latter in the late Ter- 
tiary in connection with the occurrence of partita in the early 
Tertiary renders it almost certain that Comptonia was better 
represented and with more widely ranging species in the Ameri- 
can Tertiary that the fossil remains hitherto found would indi- 
cate, and this is just what we would anticipate from the Euro- 
pean evidence. 


Comptonia pedunculata Watelet 


Comptonia pedunculata Watelet, Pl. Foss. Bass. Paris, p. 124, pl. 33, 
fig. 5, 6, 1866. 

Myrica pedunculata Schimp., Pal. Végét., vol. 2, p. 555, 1872. 

Comptonia rotundata Watelet, loc. cit., fig. 7. 
Friedrich, “ Beitr. z. Kennt. Tertfl. Sachsen,”’ Abh. geol. Spk. Preuss. 
u. Thiiring., vol. 4, p. 221, pl. 29, figs. 15, 15a, 1883. 


All of Watelet’s figures in the work cited above have the appear- 
ance, both in the venation and outline depicted, of having had the 
testimony of the specimens largely supplemented by the imagina- 
tion of the artist. Especially is this true of the leaves which he 
calls Comptonia pedunculata and Comptonia rotundata. However, 
we cannot but consider these two forms when combined, to be 
entitled to specific rank especially as similar leaves have come to 
light in the lower Oligocene of Saxony, Watelet’s types coming 
from the Eocene (Sables de Bracheux) of Belleu, France. The 
species is well named pedunculata, as Watelet’s Fig. 6 has the 
longest petiole of any Comptonia leaf that I have ever seen, it 
being several times the length of the petioles in the existing species. 
Examples of leaves of the latter that greatly resemble the fossil 
species in outline, are often found among the larger leaves. While 
the fossil leaves apparently show rounded lobes with but slight 
incisions, it is probable that the rather full lobes overlapped as 
they do in so many leaves of the modern species, and that in 
reality the lobes were distinct as they were in the latter. 

In its rounded margins pedunculata approaches laharpii Heer 
(obtusiloba) although I think that this is only an apparent simi- 
larity. Reasoning from the analogy furnished by the abundant 
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rounded-lobed leaves of the existing species it would be a reasonable 
conclusion that pedunculata is simply a round-lobed form of some 
of its normally lobed contemporaries, which one, of course, it 
is impossible to say, but not necessarily the same species in the 
Oligocene as in the Eocene. 


Comptonia schrankii (Sternb.) Berry 


Aspleniopteris schrankii Sternb., Fl. Vorwelt, vol. 2, p. 29, pl. 21, fig. 2 
1822; vol. 4, p. 22, 1825. 

Comptonia ? dryandrejolia Brongn., Ann. Sct. Nat., ser. 1, vol. 15, p. 
49, pl. 3, fig. 7, 1828 (Schimper, Pal. Végét., vol. 2, p. 808, erroneously 
cites vol. 4); Prodrome, pp. 148, 214, 1828; Tabl., p. 118, 1849. 
Unger, Synopsis, p. 213, 1845; Gen. et Sp., p. 393, 1850. 

Squinabol., Cont. Fl. Foss. Terz. Liguria, pt. 4, p. 17, 1892. 
Massal, Sopra Pianti Foss. Terr. Terz. Vicentino, pp. 243, 258, 1851. 

Myrica (Comptonia) dryandrejolia Saporta, Etudes, vol. 2, p. 104, pl. 
5, fig. 8, 1865 (reproduced in Schimp., Pal. Végét., pl. 85, fig. 19-21). 

Dryandra schrankii Ettings., Proteac. d. Vorw., p. 26, pl. 3, fig. 1-8, 
1851; Fl. v. Hdring, p. 55, pl. 19, fig. 1-26, 1853; Foss. Fl. Monte 
Promina, p. 34, pl. 14, fig. 5, 6, 1855. 

Web. & Wess., Paleont., vol. 4, p. 147 (37), pl. 25 (6), fig. 12, 1856. 

Myrica brongniarti (Ettings.) Lesq., Ann. Rep. U. S. Geol. & Geog. Surv. 
Terr., for 1873, p. 412, 1874; Tertiary Flora, p. 135, pl. 17, fig. 15, 
1878. 

Comptonia breviloba Brongn., in Sedg. & Murch., Trans. Geol. Soc. Lond., 
ser. 11, vol. 3, p. 373, 1832; Tabl., p. 118, 1849. 

Unger, Synopsis, pp. 213, 305, 1845; Gen. et Sp., p. 349, 1850; Foss. 
Fl. v. Sotzka, p. 32, pl. 8, fig. 9, 1850. 

Comptonites dryandrejolius Gépp. in Bronn, Ind. Palwont., vol. 1, p. 

322, 1848; vol. 2, p. 45, 1849. 


Leaves of this species were described and figured by Sternberg 
as early as 1822. He thought that he was dealing with a fern 
and used the generic name Aspleniopteris. With the exception of 
the somewhat doubtful specimen from the Green River group 
(Eocene) which Lesquereux refers to Myrica brongniarti, the 
species is confined to Europe, where it is quite common and ex- 
tends from the Eocene of the Isle of Wight up through the Mio- 
cene, becoming especially common and widespread during the Oli- 
gocene and Miocene. I have shown on PI. 2, Fig. 1, a leaf of the 
existing species which is very close to this species, particularly 
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to that size and form of leaf figured by Brongniart. Both Ettings- 
hausen and Heer, partially followed by Schimper, consider the 
leaves referred to the various species in the foregoing synonymy, 
as identical and they compare them with the leaves of the living 
Dryandra formosa R. Br. They exclude them from Comptonia 
because of their thick midrib, acute lobes, and coriaceous texture, 
exactly the characters in numerous instances of the young leaves 
near the growing tips in the existing Comptonia. I do not think 
that there can be any doubt regarding the identity of these fossil 
forms and I fail to see any characters which weigh against their 
reference to Comptonia unless it be their comparatively greater 
length. Some of the forms are characteristically those of Comp- 
tonia, e. g., some of the leaves from Monte Promina and Hiring, 
which also form a transition series toward Comptonia diforme; and 
these leaves gradually vary to the slender and acutely lobed forms. 
If comparisons are made with a large enough series of leaves of 
the existing species, many resemblances will at once become 
apparent, especially as remarked, to the slender, coriaceous, 
thick-veined leaves of the tips of shoots. The latter are not 
usually acutely lobed but often have that appearance in leaves 
not completely unfolded, or in herbarium specimens in which the 
lobes have become somewhat involuted in drying, as they usually 
do. In this condition they are indistinguishable from the fossil 
specimens. ‘The American leaf of Lesquereux which is included 
in this species is less incised than the foreign forms and has 
rounded lobes. It is connected with the more typical leaves by 
the form described by Web. & Wess. from Rhenish Prussia. 
Engelhardt in his “Tertiirflora Jesuitengrabens bei Kundratitz 
in Nordbéhmen”? figures what he considers catkins of Myrica. 
His figures look much more like leaves of this species, however, 
than they do like catkins. 


Comptonia vindobonensis (Ettings.) Berry 


Dryandra vindobonensis Ettings., Tert. Fl. v. Wien, p. 18, pl. 3, fig. 6, 
1851. 

Dryandroides concinna Heer, Fl. Tert. Helv., vol. 3, p. 188, pl. 153, fig. 
8-10, 1859. 


1 Nova Acta Leop. Carol., vol. 48, no. 3, pl. 8, fig. 10, 11, 1885. 


516 THE AMERICAN NATURALIST (Vou. XL 


Dryandroides bituminosa Sap., Exam. Anal. Fl. Tert. Provence, p. 22, 
1861. 

Dryandra aventica Heer, loc. cit., p. 186, pl. 153, fig. 17. 

Dryandra Rolleana Heer, [bid., (footnote), pl. 153, fig. 18. 

Myricophyllum bituminosum Sap., Etudes, vol. 1, p. 221, pl. 8, fig. 1, 
1863. 

Myrica (Comptonia) vindobonensis Heer, loc. cit., vol. 2, p. 34, pl. 70, 
fig. 5, 6, 1856. 

Myrica vindobonensis (Ettings.) Heer, loc. cit., vol. 3, p. 176, pl. 150, 
fig. 16, 17, 1859; Fl. Foss. Arct., vol. 2, pt. 2, p. 27, pl. 3, fig. 4, 5, 
1869; Mioc. Baltic Fl., p. 32, pl. 7, fig. 4-10, 1869. 

Ludwig, Paleont., vol. 8, p. 94, pl. 28, fig. 6, 7, 1860. 

Unger, Foss. Fl. v. Kumi, p. 22, pl. 4, fig. 20-30, 1867. 

Schimp., Pal. Végét., vol. 2, p. 558, 1872; Atlas, pl. 85, fig. 1, 2, 1874. 
Knowlt., Proc. U. S. Nat. Mus., vol. 17, p. 222, 1894; Ann. Rep. 
U.S. Geol. Surv., vol. 17, pt. 1, p. 885, 1896. 

Engelh., Tertfl. Jesuitengrab. Kundr. in Nordbéhm., p. 19, pl. 1, fig. 40, 
1885; Verh. k. k. geol. Reichsanstalt, no. 5, p. 2, 1902. 

Myrica Greffii Heer, loc. cit., pl. 150, fig. 20, (non fig. 19 which is refer- 
able to Comptonia laciniata). 

Myrica ungeri Heer, loc. cit., p. 176, pl. 150, fig. 21 (non fig. 22), 1859. 
Ludwig, loc. cit., p. 95, pl. 29, fig. 2, 2a; pl. 30, fig. 2, 3, 1860. 

Myrica denticulata Ettings., Foss. Fl. v. Koflach, p. 12, pl. 1, fig. 7, 1857. 


This species approaches Comptonia laciniata quite closely in 
Unger’s leaves from the Grecian Oligocene, which also closely 
resemble that style of leaf of the modern species shown on PI. 2, Fig. 
5, a type which is not at all rare on certain of the modern plants of 
Comptonia. 

One of the figured leaves which Heer calls Myrica greffii is refer- 
able to vindobonensis and the other to laciniata, which shows how 
closely these two species are related. In the other direction vin- 
dobonensis approaches quite near to eningensis, such leaves for 
instance as those of Heer from Switzerland and. those of Ettings- 
hausen from Koflach coming very near to the last-mentioned species. 
As is suggested by its extensive synonymy Comptonia vindobonen- 
.sis as here understood, includes somewhat diverse forms, ranging 
from the small Planera-like leaves from the Baltic region and the 
Dryandra-like leaves from Switzerland (concinna), through the 
narrow, more elongated, and but slightly lobed leaves of the French 
Oligocene (Saporta) and Austrian Miocene (Ettingshausen) to the 
large-lobed leaves from Hesse which Ludwig referred to this species, 
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and to those from Switzerland which Heer referred to rolleana and 
aventica. 

These variations while somewhat wide in their extremes include 
numerous gradating forms and are not at all inconsistent with their 
reference to a single species, especially when we consider the dura- 
tion of this form from the Eocene through the Miocene, during 
which time it spread all over Europe and possibly to America as 
well. 
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laciniata ceningensis diforme grandifolia 
dryandroides obtusiloba 


vindobonensis schrankii 
< gaudinii 


Miocene 


( laciniata cningensis dryandroides : 
obtusiloba 
vindobonensis — schrankii 
diforme gaudinii 
S gracillima macroloba 
8 
& matheron- 
= iana 
~ 


pedunculata 


( partita vindobonensis / | 
insignis diforme macroloba | 
premissa schrankii pedunculata | 
| 
= | cuspidata gaudinii 
> J 
matheroniana 
suessionensis 


( 
| microphylla tenera 


| antiqua 


Cretaceous 


Diagram showing the relationship of the leaves of the fossil species of Comp- 
tonia, not necessarily the phylogeny of the plants which bore them. 
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List oF CHANGES IN COMPTONIA NOMENCLATURE 


Aspleniopteris difformis Sternb. <Comptonia diforme (Sternb.) Berry. 

Aspleniopteris schrankii Sternb. <Comptonia schrankii (Sternb.) Berry. 

Asplenium dijorme Sternb. <Comptonia diforme (Sternb.) Berry. 

Comptonia acutiloba Brongn. <Comptonia diforme (Sternb.) Berry. 

Comptonia asplenijolia Gaertn. Comptonia peregrina (Linn.) Coulter. 

Comptonia breviloba Brongn. <Comptonia schrankii (Sternb.) Berry. 

Comptonia columbiana Daws. <Comptonia dijorme (Sternb.) Berry. 

Comptonia concisa Wat.<: Comptonia macroloba (Web. & Wess.) Berry. 

Comptonia dryandrefolius Brongn. <Comptonia schrankii (Sternb.) Berry. 

Comptonia incisa Ludw. <Comptonia gaudinii Heer. 

Comptonia magnifica Wat. <Comptonia matheroniana (Sap.) Berry. 

Comptonia meneghinii Ung. <Comptonia eningensis Al. Br. 

Comptonia rotundata Wat. <Comptonia pedunculata Wat. 

Comptonia triangulata Wat. <Comptonia gaudinii Heer. 

Comptonia ulmifolia Ung. < Planera ungeri Ettings. 

Comptonia vinayi Sap. <Comptonia dijorme (Sternb.) Berry. 

Comptoniphyllum japonicum Nath. <Comptonia gaudinii Heer. 

Comptoniphyllum naumanni Nath. <Comptonia dryandroides Ung. 

Comptonites antiquus Nilss.= Comptonia antiqua Nilss. 

Comptonites dryandrefolius Gépp. <Comptonia schrankii (Sternb.) Berry. 

Dryandra acutiloba (Brongn.) Ettings.<Comptonia diforme (Sternb.) 
Berry. 

Dryandra antiqua Ettings.= Comptonia antiqua Nilss. 

Dryandra aventica Heer <Comptonia vindobonensis (Ettings.) Berry. 

Dryandra brongniarti Ettings. <Comptonia schrankwi (Sternb.) Berry. 

Dryandra comptoniefolia Ettings. <Comptonia dijorme (Sternb.) Berry. 

Dryandra gracilis Heer <Comptonia gracillima (Heer) Berry. 

Dryandra macroloba Web. & Wess.=Comptonia macroloba (W. & W.) 
Berry. 

Dryandra meneghinii Ettings. <Comptonia eningensis Al. Br. 

Dryandra eningensis Ettings.= Comptonia eningensis Al. Br. 

Dryandra rolleana Heer <Comptonia vindobonensis (Ettings.) Berry. 

Dryandra saxonica Friedrich <Comptonia dijorme (Sternb.) Berry. 

Dryandra schrankii Heer <Comptonia schrankii (Sternb.) Berry. 

Dryandra ungeri Ettings.= Comptonia dryandroides Ung. 

Dryandra _ vindobonensis Ettings.<Comptonia vindobonensis (Ettings.) 
Berry. 

Dryandroides bituminosa Sap. <Comptonia vindobonensis (Ettings.) Berry. 

Dryandroides concinna Heer <Comptonia vindobonensis (Ettings.) Berry. 

Dryandroides grandijolius Ettings.—= Comptonia grandijolia Ung. 

Dryandroides laciniatus Ettings.= Comptonia laciniata Ung. 

Liquidambar asplenifolia Linn. Comptonia peregrina (Linn.) Coulter. 

Liquidambar peregrina Linn. Comptonia peregrina (Linn.) Coulter. 

Myrica (C.) acutiloba Brongn. <Comptonia dijorme (Sternb.) Berry. 
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Myrica alkalina Lesq. <Comptonia insignis (Lesq.) Berry. 

Myrica asplenifolia Linn.= Comptonia peregrina (Linn.) Coulter. 

Myrica brongniarti (Ettings.) Lesq. <Comptonia schrankii (Sternb.) Berry. 

Myrica concinna (Heer) Schimp.<Comptonia vindobonensis (Ettings.)} 
Berry. 

Myrica concisa (Wat.) Schimp. <Comptonia macroloba (W. & W.) Berry. 

Myrica credneri Engelh. <Comptonia gaudinii Heer. 

Myrica (C.) cuspidata (Lesq.) Daws. (non Lesq. or Knowlton) <Comptonia 
dryandroides Ung. 

Myrica denticulata Ettings.<Comptonia vindobonensis (Ettings.) Berry. 

Myrica (C.) dryandrejolia Sap.<Comptonia schrankii (Sternb.) Berry. 

Myrica (C.) gaudinii Heer = Comptonia gaudinii Heer. 

Myrica gracillima (Heer) Schimp. <Comptonia gracillima (Heer) Berry. 

Myrica grandijolia (Ung.) Schimp.= Comptonia grandifolia Ung. 

Myrica greffit Heer in part <Comptonia vindobonensis (Ettings.) Berry. 

in part <Comptonia laciniata Ung. 

Myrica incisa (Ludw.) Schimp. <Comptonia gaudinii Heer. 

Myrica insignis Lesq.—= Comptonia insignis (Lesq.) Berry. 

Myrica laharpti Heer <Comptonia obtusiloba Heer. 

Myrica latiloba Heer= juvenile Comptonia leaves. 

Myrica macroloba Web. & Wess.=Comptonia macroloba (W. & W.) Berry- 

Myrica magnifica (Wat.) Schimp. <Comptonia matheroniana (Sap.) Berry. 

Myrica (C.) matheroniana Sap. Comptonia matheroniana (Sap.) Berry. 

Myrica meneghinit Ung. <Comptonia eeningensis Al. Br. 

Myrica minima Sap. <Comptonia gracillima (Heer) Berry. 

Myrica (C.) obtusiloba Heer = Comptonia obtusiloba Heer. 

Myrica eningensis (Al. Br.) Heer <Comptonia eningensis Al. Br. 

Myrica partita Lesq.—= Comptonia partita (Lesq.) Berry. 

Myrica (C.) parvifolia Heer <Comptonia microphylla (Heer) Berry. 

Myrica (C.) parvula Heer <Comptonia microphylla (Heer) Berry. 

Myrica pedunculata Schimp.= Comptonia pedunculata Wat. 

Myrica (C.) premissa (Lesq.) Knowlton = Comptonia premissa Lesq. 

Myrica pusilla Sap. <Comptonia gracillima (Heer) Berry. 

Myrica rotundiloba Sap. <Comptonia obtusiloba Heer. 

Myrica suessionensis (Wat.) Schimp.—= Comptonia suessionensis Wat. 

Myrica (C.) tschernowitziana Engelh. <Comptonia gaudinii Heer. 

Myrica ungeri Heer in part <Comptonia vindobonensis (Ettings.) Berry. 

in part <Comptonia laciniata Ung. 

Myrica (C.) vindobonensis Heer<Comptonia vindobonensis (Ettings.) 
Berry. 

Myricophyllum bituminosum Sap.<Comptonia vindobonensis (Ettings.) 
Berry. 

Phyllites antique Nilss.= Comptonia antiqua Nilss. 

Pterophyllum difformis Gépp. <Comptonia schrankii (Sternb.) Berry. 

Rhus microphylla Heer <Comptonia microphylla (Heer) Berry. 

Zamites difformis Presl. <Comptonia schrankii (Sternb.) Berry. 
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PLATE 1 


(Figures somewhat enlarged) 
Figs. 1-3.— Compound leaves of Comptonia peregrina (Linn.) Coulter. 
Figs. 4—-7.— Basal leaf-lobes of Comptonia peregrina (Linn.) Coulter. 
Figs. 8-12.— Stipules of Comptonia peregrina (Linn.) Coulter. 
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PLATE 2 


Figs. 1-6.— Leaf variations in Comptonia peregrina (Linn.) Coulter for compari- 
son with fossil species (all natural size). 
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PLATE 3 


Seedling and leaf variations among juvenile leaves of Comptonia peregrina (Linn.) 
Coulter (all natural size). 
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. 1.— Comptonia parvula Heer. After Heer, 1883, Pl. 55, Fig. 1-3. 
2.— Comptonia antiqua Nilss. After Hisinger, 1837, Pl. 34, Fig. 7. 


. 3.— Comptonia parvifolia Heer. After Heer, 1883, Pl. 71, Fig. 1, 2. 
. 4.— Comptonia parvula Heer. After Newberry, 1896, Pl. 19, Fig. 6. 
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NOTES AND LITERATURE 
PALEONTOLOGY 


Jordan’s Guide to the Study of Fishes.'— Without question this 
is one of the most useful and reliable, as it is also the most compre- 
hensive of general works consecrated to the class of fishes. Every 
subject that is properly included within the domain of ichthyology, 
whether from a purely scientific, historical, economical, or even Wal- 
tonian standpoint,— in fact, all that pertains to fishes living and fossil, 
— is awarded its place in this repository, and is treated in a manner 
only possible for the expert of life-long experience. But for the ex- 
ceptional qualifications of the author, a work of such magnitude and 
intricacy of details could scarcely have resulted successfully without 
the codperation of numerous specialists; the mere labor of bringing 
together the results of painstaking research during the last few years 
implies a capacity often regarded as an attribute of genius. Surely 
the author is to be congratulated upon having accomplished his task 
so well, and students of ichthyology in general upon having at their 
command a wealth of carefully analyzed and orderly arranged facts. 

Although addressed primarily to students of the modern fauna, 
this large compendium in two volumes takes ample account of fossil 
forms. Several of the earlier groups are treated in separate chapters 
at considerable length, and others are referred to constantly through- 
out the work. In respect to primitive Devonian fishes, or fish-like 
vertebrates, the latest contributions of Traquair, Dean, Patten, Regan, 
and others are passed in review, with mention of newly discovered 
structural features, and discussion of latest proposed changes in classi- 
fication. The chapter on Arthrodires is modeled largely after Dean’s 
recent treatment of the group, hence their exclusion from Dipnoans, 
a step that we are compelled to regard as retrogressive in view of all 
the evidence now accumulated in favor of their union. It is also to 
be regretted that new cuts have not been introduced to replace several 
antiquated and misleading figures of Ostracophores, and even “Ga- 
noids.” Scientific text-books often remind us that the law of the 


‘Jordan, D. S. A Guide to the Study of Fishes. New York, Henry Holt and 
Co., 1905. 2 vols., 8vo. 
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survival of the fittest is apparently reversed in the case of poor illus- 
trations. Figures of recent forms, however, in the work under dis- 
cussion, are uniformly excellent. Those of the fossil forms that have 
been washed over may appear more artistic, but certainly have not 
lost their obscurity. The profusion of illustrations is gratifying 
as it is remarkable; yet one would willingly spare some of them for 
greater accuracy of detail in the rest. 

No other general treatise on fishes, not even the most recent, can 
compare with this as regards the fullness with which fossil representa- 
tives are discussed in connection with the recent. This is as it should 
be, and sets a praiseworthy example for other zodlogical writers to 
emulate. When we have said that the treatment throughout betrays 
the master hand, the character of the work and its authoritativeness 
have been sufficiently indicated. 


C.R. E. 


Lankester’s Extinct Animals.'— Under this title is collected in 
book form, of convenient size and well illustrated, the series of paleon- 
tological lectures delivered by the Director of the natural history 
departments of the British Museum during the preceding winter. 


Since the days of Buckland, Mantell, and Hugh Miller, the British 
reading public has not lacked popular works for keeping in touch 
with the progress of paleontological discovery, and for picturing 
vividly before the imagination the life of bygone ages. Of late years 
American readers have been even more liberally provided for, through 
the medium of several first-class popular works, good, bad, and indif- - 
ferent magazine articles, and the too often absurd exploitations of the 
Sunday press. Thus there has been no dearth of opportunity for 
becoming acquainted, in a literary way at least, with creatures of other 
days. 

The new work displays a more rational treatment of the subject 
than many of its predecessors, there is a more judicious selection and 
arrangement of facts, and there is constant appeal to the reader to take 
the bookin hand as one would his Baedekker or art museum catalogue, 
in order to compare the things actually placed on exhibition with what 
is said about them. This implies, of course, that the majority of 
readers have access to large public collections; but for those who have 
not this privilege, more than two hundred illustrations, mostly from 


1Lankester, E.R. Extinct Animals. New York, Henry Holt and Co., 1905. 
8vo, 331 pp., 218 figs. 
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photographs, are provided to supply the deficiency. One of the pur- 
poses of these lectures, therefore, is to serve as a sort of museum guide; 
but this is by no means all. Interwoven with the descriptions of fossil 
forms is a great deal of explanatory matter which enables the lay 
reader to gather, as he goes along, trustworthy information in regard 
to geological phenomena, evolutionary history, the relations between 
fossil and modern faunas, former conditions of life, and general trend 
of animal development. 

The chapters on mammals and reptiles occupy the greater part of 
the book, and attention is concentrated upon a limited number of 
striking examples, illustrative of particular points, so that the con- 
fused image resulting from discursive treatment is avoided. The 
value of the work lies largely in its suggestiveness. A few facts, 
clearly and sufficiently set forth, intensify the interest and stimulate 
the quest of knowledge much more than a bewildering array in which 
there is no visible bond of unity. Professor Lankester reveals to us 
the beauty of the paleontological landscape by taking us leisurely 
over some of its hills and dales, and leaves to us our own sense of per- 
spective to fill in the details. There are one or two features, however, 
that one could wish the author had dwelt upon a little more fully. 
Many years ago he contributed an admirable monograph on the fishes 
of the Old Red Sandstone, still a standard authority. We would have 
liked him to tarry longer in referring to these forms anew. It is to be 
regretted, also, that the splendid restoration of Diplodocus presented 
to the British Museum during the year by Mr. Carnegie does not fig- 
ure in this work, and that the actual skeleton of Triceratops is not. 
shown alongside of Mr. Knight’s model. The long supra-occipital 
crest of Pteranodon, a most striking feature, is unfortunately omitted 
from the figures that are given of this genus. These, however, are 
comparatively trifling defects, and are more than offset by the general 
excellence of illustrations, and conspicuous merit of the descriptive 
matter. 


C. R. E. 


Notes.—-- Dollo on Iguanodon. Professor Dollo’s researches on 
Belgian fossil reptiles are well known, in particular those dealing with 
the famous Dinosaurs of Bernissart. Some further considerations 
are now offered (Dollo, L., ‘Les allures des Iguanodons,” Budll. 
Scient., vol. 40, 1905; ‘‘Les Dinosauriens adaptés 4 la vie quadru- 
péde secondaire,” Bull. Soc. Belge Géol., vol. 19, pp. 441-448, 1905) 
concerning the gait of these animals, and such skeletal modifications 
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as are affected by, or are coérdinated with the manner of progres- 
sion. In the first of these papers an attempt is made to classify 
different series of footprints according as they were made by the ani- 
mal in a resting posture, walking, or running; in the second, argu- 
ments are advanced to show that certain Dinosaurs are primarily 
quadrupedal in gait, others secondarily so, as the result of change 
in function amongst forms which resembled Iguanodon in being 
primarily bipedal. The arguments are based upon persistence 
of adaptive characters, and illustrations are drawn from various 
sources. Dollo’s interpretation of tracks suggests the importance of 
tracing as extended series of footprints made by a single animal as we 
can find record of in the Newark beds of the Connecticut Valley. 


C. R. E. 


GEOLOGY 


Ries’s Economic Geology of the United States’ is one of the 
latest text-books on this phase of geology. It is a volume of 435 
pages with numerous illustrations, published by the Macmillan 
Company, in 1905. A novel feature of the volume is the treatment 
of the non-metallic minerals before the metallic. If the reason for 
this change — namely, that the most important should be considered 
first — is justified, it seems strange that the pages devoted to soils 
should be the very last in the non-metallic portion. 

The space allotted to the various subjects is often disproportionate ; 
thus soils are dismissed in four pages, and all the building stones of 
igneous origin, with the exception of the granites, are treated in four- 
teen lines. 

The plates are very good, but the method of display is not satis- 
factory, as the pictures are not appropriately placed with respect to 
the text that refers to them. It is also unfortunate that sometimes 
two pictures of entirely unrelated features should be placed on the 
same plate. An example of this is Plate 25; 1, View of Bauxite 
Bank, etc., 2, Furnace for Roasting Mercury Ores, ete. The proof- 
reading has been well done, the omission of ‘‘n”’ in brownstone on 
page 69 being practically the only error noted. 


1 Ries, H. Economic Geology of the United States. New York, The Mac- 
millan Co., 1805. 8vo, xxi + 435 pp., 25 pls., 97 text figs. $2.60. 
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Several omissions and slight errors of statement, some of which 
seem worthy of note are as follows. On page 39, it is stated that 
until 1883 petroleum was used chiefly for medicinal purposes. This 
seems rather an understatement of its uses, for, according to the 
Census figures quoted by the author on page 62, over $26,000,000 
worth of petroleum was produced in 1880. On page 111, puzzuolano 
is described as though it was only an artificially prepared cement, 
whereas the original material derived from Puzzuoli was natural 
voleanic ash. The natural cements prepared from volcanic ash re- 
ceive no notice in the classification used by Ries. 

The list of the different clays is quite complete, but the absence of 
“slip-clay” is noted. This is such an interesting and important 
group of clays and its value is so largely determined by chemical 
composition that it deserves some treatment. Another slight error 
occurs on page 191, were it is stated that the main value of monazite 
is for “the manufacture of mantles for incandescent lights’— the 
word incandescent is inapplicable. 

One point on which students differ with Professor Ries is the use 
of the term “‘thermal’’ spring. He states that a thermal spring is 
one whose temperature is 70° Fahrenheit or over (page 204). The 
old definition, that a thermal spring is one whose temperature is 2° F. 
above the mean annual temperature of the place of exit, seems in 
many ways more desirable, for a spring in the tropics with a temper- 
ature not higher than 70° F. ought not to be considered a thermal 
spring, while a spring of 40° or 50° F. in high latitudes should be so 
considered. 

A valuable working bibliography is appended to each chapter, and 
contains references to many of the latest publications. 


Notes.— The Geological Magazine for November and December 
(decade 5, vol. 2, nos. 11 and 12) contains three articles of general 
geologic interest. The first, in the November number, is by Professor 
Jamieson on ‘‘Some Changes of Level in the Glacial Period,” the 
region under discussion being mainly Scotland and portions of Scan- 
dinavia. The second article, in the December number, on ‘The 
Geological History of Victoria Falls,” is by G. W. Lamplugh. These 
falls are particularly interesting on account of the peculiar zigzag 
pattern of the canyon below the falls. In the December number is 
also the final paper of Sir H. H. Howorth’s article on ‘The Recent 
Geological History of the Baltic.” 
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Water Supply and Irrigation Paper 119, by J. C. Hoyt and B. D. 
Wood, is an ‘Index to the Hydrographic Progress Reports of the 
United States Geological Survey from 1888-1903.” This is a valuable 
paper, as it brings together in one volume a bibliography of the papers 
published by the Survey, which have heretofore not been satisfactorily 
listed in the bibliographies. 


Bulletin 7, Fourth Series, Geological Survey of Ohio, by Charles S. 
Prosser, published in Columbus, November 1905, and entitled ‘‘Re- 
vised Nomenclature of the Ohio Geological Formations,” is an im- 
portant contribution to stratigraphy. It successfully presents the 
results of much detailed study, and places the previously rather 
loosely defined horizons in their proper positions. It shows not only 
their relation to each other, but, in a broad way, correlates the forma- 
tions with those outside the State. Bulletin 7, however, is only a pre- 
liminary report, so that the final report is awaited with interest. 


Two new maps of portions of Alaska are included in the report of 
L. M. Prindle on “The Gold Placers of Fortymile, Birch Creek and 
Fairbanks Regions, Alaska” — Bulletin 251, United States Geological 
Survey. The report is based mainly on reconnaissance work, but 
certain facts seem to have been quite thoroughly worked out. One 
fact of most general interest is the determination that a large part of 
the placer gold has been derived from the quartz veins in a series of 
metamorphic sediments. 


The Journada del Meurto of New Mexico is a bolson plain that has 
long been regarded as one of the most desert regions in the State. 
Recent studies by Keyes, published in Water Supply and Irrigation 
Paper 123, show that the district affords promise as an artesian basin. 
The shallow ground-water conditions are not very good, but the porous 
Cretaceous sandstone which is folded into a syncline and has the 
impervious Permian red beds at its base, affords good water at a depth 
of not over 2000 feet, even in the center of the basin. The water is 
practically fresh, the slight saline scale deposited by evaporation being 
common salt, so that it is adapted to all domestic purposes. 


Bulletin 266 of the United States Geological Survey contains the 
“Paleontology of the Malone Jurassic Formation of Texas,” by 
Francis Whittemore Cragin, with ‘Stratigraphic Notes on Malone 
Mountain and the Surrounding Region near Sierra Blanca, Texas,” 
by T. W. Stanton. The report contains 28 plates of fossils, and one 
topographic map of the district. 
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E. C. Eckel has prepared a report on “The Cement Materials and 
Industry of the United States,” which forms Bulletin 243 of the United 
States Geological Survey. The report consists of two distinct portions: 
first, the technical processes involved in cement manufacture, and 
second, the distribution of cement materials. The cement materials 
are divided into the Portland cements, the natural cements, and the 
Puzzolan cements. The distribution of each of these different cements 
is treated according to States. The arrangement by States is al- 
phabetical, and consequently necessitates repetition, which would 
have been avoided if a geological arrangement had been selected. 
The 15 map plates are of considerable importance, as they present 
much new and accurate information. 


An extremely interesting portion of Water Supply and Irrigation 
Paper 105, by T. U. Taylor, on the “‘Water Powers of Texas” de- 
scribes the Austin dam and its destruction, in April, 1900. The failure 
of the dam seems to be attributable to lack of geologic investigation 
before construction. This is shown by the fact that the minimum 
flow of the Colorado was considerably less than supposed, and also 
that an old watercourse filled with sand, etc., was allowed to remain 
as a portion of the floor for the foundation of the dam. The photo- 
graphs reproduced in the text make it evident that the destruction 
of the dam was not due to weaknesses in the dam itself because not 
only the dam but also part of the foundation were carried down 
stream. 


“The Water Resources of the Philadelphia District,” by Florence 
Bascom, is published as Water Supply and Irrigation Paper 106 of 
the United States Geological Survey. It contains data concerning the 
precipitation and run-off for many of the streams. Some of the ob- 
servations extend over a period of more than thirty years, so that the 
averages may be considered as characteristic of the district. From 
these records it appears that in the district as a whole evaporation is 
in excess of run-off. 


Aseries of five papers regarding the loess of the Mississippi 
Valley and of Iowa in particular, by Professor Shimek, has re- 
cently been received. These papers may be found in the Bulletin of 
the Laboratories of Natural History of the State University of Iowa, 
(vol. 5, no. 4, pp. 298-381, 1904). These articles support, in a force- 
ful manner, the theory of the eolian origin of loess. Professor Shimek 
treats particularly the loess of Natchez, the Lansing deposit of so called 
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loess, in which the Lansing skeleton was found, determining that this 
deposit is really not loess, and arraigns two or three recent supporters 
of the aqueo-fluviatile origin of the loess. 


The rapid development of underground workings at Cripple Creek 
and the consequent increase in detailed information has made it desir- 
able to resurvey the field. The results — embodied in Bulletin 245 
of the United States Geological Survey, “Report of Progress in the 
Geological Resurvey of the Cripple Creek District, Colorado,” by 
! W. Lindgren and F. L. Ransome — furnish an apt illustration of the 
\ present efficiency of the Survey. While there are modifications of 
a many of the details previously published concerning the geology of 
i this very complex region, the main facts previously outlined are sub- 

stantiated. An interesting note in this report states that the depth to 
: which the oxydation of the ore bodies has penetrated is oftentimes a 
thousand feet. 


4 “A Gazeteer of Indian Territory,” by Henry Gannett, forms Bul- 
| letin 248 of the United States Geological Survey, published in Wash- 
if ington, 1905. In addition to 59 pages devoted to place names, there 
are 6 pages giving a brief description of the larger topographic fea- 
tures, population, and products. 


Two papers concerning certain deposits of economic significance 
in Illinois, prepared by H. F. Bain, have recently been published by 
1 the United States Geological Survey. The first of these is entitled 
q the “Zine and Lead Deposits of Northwestern Illinois,” Bulletin 246, 
and the second is “The Fluospar Deposits of Southern Illinois,’ Bul- 
letin 255. In the former paper, Bain regards the disseminated lead 
and zinc minerals as having been deposited apparently from sea water 
and contemporaneously with the sediments in which they occur. In 
this report, Bain dismisses the other theories of origin in a very per- 
emptory manner, and the reader wonders whether they have been 
carefully considered. 


The volume of ‘Contributions to Devonian Paleontology for 1903,” 
by H. S. Williams and E. M. Kindle, consists of two distinct parts. 
The first deals with the Devonian and Mississippian faunas of Vir- 
ginia, West Virginia, and Kentucky, while the second part treats: of 
the Devonian of central and northern Pennsylvania. The portion 
of the paper dealing with the Upper Devonian faunas of the middle 
Appalachians, with a chart showing range of species, is of most general 
interest. This report is published as Bulletin 224 of the United States 
Geological Survey, and contains 144 pages, 4 plates, and 3 figures. 
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An interesting preliminary paper by G. O. Smith and F. C. Calkins, 
entitled “‘A Geological Reconnaissance across the Cascade Range 
near the 49th Parallel,” is published by the United States Geological 
Survey as Bulletin 235. The paper deals with the geology and petro- 
graphy of the region traversed. The effect of the prevailing winds, 
etc., is strikingly shown by the difference in amount of vegetation on 
the east and west sides of the range, and also on the position and num- 
ber of glacial cirques. A striking illustration of a glaciated valley is 
shown in Figure B, Plate 3. 


Bulletin 245 of the United States Geological Survey, prepared by S. 
S. Gannett, gives the “ Results of Primary Triangulation and Primary 
Traverse for the Fiscal Year, 1903-1904.” 


Fuller, Lines, and Veatch have prepared Bulletin 264 of the United 
States Geological Survey, which presents an epitome of the method of 
work, and an outline of the plan of organization of the Division of 
Hydrology. The importance of preserving records of the various 
strata passed through in well-drilling is strongly emphasized. It is 
proposed to collect not only the written description of the kinds of 
rock cut, but also to retain a sufficient amount of the original sample 
to afford a basis for subsequent study and comparison by members 
of the Survey. 


“The Comparison of a Wet and Crucible Method for the Assay of 
Gold Telluride Ores, with Notes on the Errors Occurring in the Oper- 
ations of Fire Assay and Parting,’ by W. F. Hillebrand and E. T. 
Allen, forms Bulletin 253 of the United States Geological Survey publi- 
cations. The paper deals largely with the chemical methods employed, 
and concludes that the crucible method is fully as accurate as the wet 
method. 


The cleavage of rocks is treated in Bulletin 239 of the United States 
Geological Survey, a volume of 216 pages, 27 plates, and 40 text figures, 
by C. K. Leith. The author proposes to divide cleavage into two 
great groups, original and secondary. Under original cleavage, he 
includes the parting between bedding planes of sedimentary rocks, 
flow structure in lavas, concentric jointing in deep-seated igneous 
rocks, etc. The secondary cleavage structures are divided into two 
groups, flow cleavage and fracture cleavage. The paper presents a 
careful investigation, but it may be questioned whether it is desirable 
to group so many unrelated features under one term. 


534 THE AMERICAN NATURALIST (Vou. XL. 


Bulletin 237 of the United States Geological Survey is a paper by 
L. V. Pirsson on the “ Petrography and Geology of the Igneous Rocks 
of the Highwood Mts., Montana.” ‘The report treats mainly the 
petrography of this volcanic center, with a brief review of the geology 
of the district. The portion of general interest is the bearing of this 
region upon the theories of the consanguinity of lavas. 
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CORRESPONDENCE 
The Danish Arctic Station 


Editor of the American Naturalist 

Sir:-- In the summer of the present year a permanent station for 
the study of Arctic science will be established on the south coast of 
Disco Island in Danish West Greenland. The cost of the foundation 
is defrayed by a gift from Mr. A. Holck, Counsellor of Justice, of 
Copenhagen, and the Danish Government has promised an annual 
grant of kroner 10,000 ($2,500) toward its maintenance. 

A laboratory, equipped with appliances and instruments, especially 
for biological researches, will be attached to the Station, and work 
places will be furnished for visiting naturalists, foreign as well as Dan- 
ish. The visitors will have the free use of the instruments, traveling 
outfit, and library of the Station; lodging will be free and a small fee 
only will be charged for board. Cheap fare to and from the Station, 
via Copenhagen will be provided. The first visitors can be received 
in 1907, and notices, inviting application, will be issued in due course. 

A library of Arctic literature is to be founded at the Station and to be 
made as complete as possible, but in view of the limited resources of 
the Station and the vastness of the Arctic literature, only a small pro- 
portion of it can be purchased. As the designed leader of the Station, 
I venture to ask you therefore, to be good enough to come to its assis- 
tance by giving to its library such works on Arctic (and Antarctic) 
Nature, and, especially on Arctic biology as you may have published 
or are going to publish in the future. The publications of the Station 
will, of course, be sent to you in return, and the Station and its leader 
will be glad to render you any service in their power. 

In view of the arrangements to be made for the purchase of books, 
I would be very grateful to you, if you would inform me at the earliest 
possible date, whether the present appeal from the Danish Arctic 
Station will have the favor of your kind consideration. 

I am, 

Your most obedient servant 
Morten P. PorsiLp 


BoTAaNICAL GARDEN 
UNIVERSITY OF COPENHAGEN 
DENMARK 
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